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for  Rural  Distribution  Systems  • 


Service  to  Large  Motor  Loads 


U.  S.  DEPARTMENT  OF  AGRICULTURE  | 


ABOUT  THE  CONFERENCE . .  The  purpose  of  the  Annual 

Conference  for  REA  Field  Engineers  is  to  provide  a  forum 
for  the  discussion  of  engineering  matters  concerned  with 
rural  electric  systems.  The  objective  is  to  make  avail¬ 
able  to  field  engineers  an  opportunity  to  share  views  and 
experience  with  other  engineers  who  have  dev^oped  a  high 
degree  of  experience  and  specialization  in  specific  fields. 
Likewise,  the  objective  is  to  provide  the  specialist  engi¬ 
neer  with  an  opportunity  to  share  his  views  with  those  who 
are  facing  the  practical  daily  engineering  problems. 

To  assure  freedom  for  the  development  of  ideas  which  may 
serve  to  improve  the  engineering  of  rural  electric  systems, 
the  authors  of  papers  and  discussions  have  been  encouraged 
to  e3q)lore  new  ideas  and  new  techniques  and  to  prepare 
papers  which  reflect  their  own  engineering  judgment  and 
e^qjerience.  Such  an  approach  may  develop  ideas  which  devi¬ 
ate  from  industry  practices  and  REA  policies  and  procedures 
presently  in  effect.  It  should  be  recognized,  however, 
that  REA  policies  and  procedures  as  set  forth  in  REA  bulle¬ 
tins  are  still  applicable  unless  changed  in  the  light  of 
the  ideas  and  experience  which  may  result  from  such  papers 
or  discussions. 


R.  G.  Zook 

Assistant  Administrator 


ECONOMIC  DESIGN  OF  PRIMARY  LINES  FOR  RURAL  DISTRIBUTION  SYSTEMS 


Discussion  and  author*  s  closure  of  paper  by  Roland  W,  Schlie 


Harry  W.  Thiesfeld  (REA  Field  Engineer,  Mankato,  Minnesota);  We  believe  that 
Mr.  Schlie* s  paper  is  a  good  new  mathematical  application  of  a  concept  to  the 
economic  choice  of  distribution  circuits.  Considered  in  this  light  and  in 
mathematical  terms  only  we  believe  that  one  can  offer  little  constructive  criti¬ 
cism,  but  recommend  it  as  a  very  useful  aid  to  engineering  judgement.  However, 
we,  as  a  committee  do  consider  the  conclusions  a  little  too  stringent  and  perhaps 
should  be  modified  somewhat  by  further  consideration  of  pertinent  factors. 

Each  member  of  the  panel  will  submit  his  own  written  discussion,  but,  for  a  gen¬ 
eral  coordination  of  comments  the  following  general  areas  will  be  respectively 
discussed: 

Mr.  Lundeen  -  "Some  Other  Practical  Considerations” 

Mr.  Phillips  -  ”Some  Practical  Limitations  in  Application” 

Mr.  Thiesfeld  -  “Professional  Comments  and  Consideration  of  factors 

•A*  &  «C«.“ 

PROFESSIONAL  COMMENT 


Upon  presenting  the  paper  to  a  Professional  Engineer  for  his  evaluation,  he,  after 
a  brief  perusal,  offered  this  paraphrased  comment,  "IT  looks  like  Mr.  Schlie  has 
given  this  some  good  academic  treatment  and  doubtless  has  some  notable  contri¬ 
bution,  but,”  he  emphasized,  "so  long  as  REA  recognizes,  approves,  and  even 
seemingly  encourages,  line  design  by  managers  and  linemen  ^iio  apply  no  technical 
or  economic  analysis,  I  am  not  going  to  waste  n^y  time  or  yours  by  trying  to  study 
it.  It  will  not  be  used." 

Another  Professional  Engineer  was  more  syn^jathetic  but  did  draw  about  the  same 
conclusions  with  the  added  observation  that  if  REA  published  the  paper  per  se  it 
might  be  used  for  conclusions  by  inexperienced  and  less  qualified  people  in  lieu 
of  experienced  engineering  judgement. 

CONSTANTS  AND  FACTORS 


It  is  suggested  that  the  constants  used  in  APPENDIX  IV  be  the  National  averages  as 
nearly  as  practical,  although  it  is  recognized  that  they  are  selected  only  in 
support  of  a  mathematical  illustration. 

Factor  "C  =  Cost  per  mile  of  line  expressed  in  $  per  adla."  pp  5,  APPENDIX  I. 

The  e35)lanation  following  this  should  be  further  clarified.  This  is  suggested: 

The  cost  of  transfonners,  secondary  services,  meters  and  all  secondary 
circuit  investments  should  be  excluded.  This  includes  the  cost  of  poles, 
conductor,  ground,  sectional! zing  devices,  and  applicable  engineering  and 
O/H  expenses.  Right-of-way  should  be  included  if  separate  or  new  route 
is  selected. 
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Factor  ”A  =  Annual  fixed  rate  e:3qDressed  as  a  decimal."  pp5>  APPENDIX  I, 

It  should  be  pointed  out  that  this  factor  may  vary  considerably.  Depending  upon 
management  policies,  rate  of  growth  of  the  load,  physical  condition  of  the  plant, 
state  requirements,  etc.  this  factor  may  vary  within  the  following  probable  limitst 


Operations  - 

Maintenance  - 

Insurance  and  Taxes 

Depreciation* - 

Amortization**  — — 
Interest  - 


Low 

High 

0.75? 

l.^% 

0,7^% 

l.$% 

0,2$% 

1.0% 

2.00% 

$.0% 

1,00% 

3.3* 

o.$o% 

1.2^ 

137?% 

*  Actual  depreciation  may  vary  within  these  limits,  or  more,  depending 
upon  rate  of  load  growth,  obsolescence,  caliber  of  construction,  quality 
of  materials  used,  weather  and  climatic  impositions,  source  of  power,  etc. 
Also  management  policy  will  dictate  whether  funds  for  replacement  (in  kind 
and/or  of  higher  capacity)  should  accrue  from  "depreciation"  or  be  secured 
from  outside  financing. 

**  Amortization  (and  interest)  costs  will  vary  depending  upon  the  percentage 
of  local  capital  used  in  plant.  Since  cash  must  be  provided  for  out  of 
earnings,  the  cost  of  amortization  should  be  considered  in  evaluating 
property  investments  under  the  REA  type  financing.  The  financial  costs 
of  invested  capital  will  depend  upon  management  policy  and  hence 
"amortization"  (or  dividends  in  the  case  of  private  capital)  and  "depre¬ 
ciation"  must,  in  a  measure,  be  considered  together. 

While  the  above  table  shows  wide  variance  in  range  it  is  the  writer *s  opinion  that 
the  upper  or  higher  value  of  the  constant  should  be  used  in  most  cases.  Some 
analysis  of  systems  indicate  that  10^  to  12^  is  a  better  suggested  figure  than  1%, 
particularly  idien  the  portion  of  the  system  that  we  are  primarily  dealing  with  in 
relation  to  conversion  or  "heavying  up"  are  those  portions  that  will  have  a  high 
obsolescence  rate. 

Further  study  is  suggested  with  reference  to  cost  losses  with  respect  to  time  that 
might  accrue  should  it  be  a  temptation  to  choose  say  th^  next  most  economical  size 
and  phase  when  that  combination  may  be  of  a  short  duration.  For  example,  it  rfiay 
show  under  a  particular  set  of  circumstances  that  it  was  economical  to  go  from 
10  #ii.7/l  to  30  #2.6/l.  How  much  cost  would  accrue  and  when  will  it  be  a  "break 
even"  time  if  one  selected  30  #  I/0-.6/I? 

It  has  been  a  pleas\n’e  to  work  on  this  and  commendation  is  due  the  author. 


Nelo  L.  Lundeen  (REA  Field  Engineer,  Decatur,  Illinois):  The  application  of  voltage 
regulators  within  their  practical  limits  of  operation  is  questionable.  Power  supply 
by  utilities  under  present  day  conditions  is  such  as  to  require  their  installation 
at  substations  to  hold  the  voltage  within  reasonable  limits  on  the  outgoing  feeders 
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because  of  the  voltage  swing  on  the  utilities*  power  supply,  many  of  vdiich  are 
entirely  unregulated.  However,  if  line  regulators  are  to  be  designed  into  a 
distribution  system  study,  certain  limitations  will  be  imposed  upon  that  system 
such  as: 

(a)  Lack  of  system  flexibility  in  respect  to  unanticipated  large  power  loads. 

(b)  If  voltage  regulator  failure  is  experienced  at  any  time,  very  unfavor¬ 
able  operating  conditions  will  occur.  This  will  require  more  frequent 
and  adequate  testing  and  maintenance  programs  to  keep  voltage  regulator 
failures  at  a  minimum. 

(c)  Several  spare  units  needed  for  replacement  in  case  of  failures.  This 
represents  added  investment  which  could  be  applied  to  economical  conduc¬ 
tor  installation. 

It  appears  that  the  use  of  line  regulators  designed  in  a  system  study  would  def¬ 
initely  lower  the  quality  of  service  rendered  and,  therefore,  should  be  avoided 
as  a  permanent  part  of  a  system  design,  or  at  least  limited  to  some  value  less 
than  the  full  10  percent  boost  application.  In  system  design  more  emphasis  should 
be  placed  on  additional  substations  as  this  design  generally  will  permit  econom¬ 
ical  use  of  existing  conductor  sizes  as  well  as  provide  better  quality  of  service. 

Line  regulators  can  definitely  be  employed  to  economic  advantages  in  system 
design  on  both  single  and  three  phase  feeder  lines  to: 

(a)  Defer  system  improvement  construction  until  it  is  necessary.  In 
certain  cases  this  deferment  permits  additional  time  for  load  devel¬ 
opment  thus  allowing  a  more  economical  conductor  selection. 

(b)  Carry  certain  short  period  loads  such  as  oil  punqping  and  recovery 
program  which  in  most  cases  are  a  10  year  program.  This  results  in  a 
considerable  savings  in  increased  conductor  investment  which  would 
have  no  further  use  when  oil  pumping  is  curtailed. 

If  line  regulators  become  a  permanent  part  of  a  system  design,  borrowers  should 
provide  adequate  inspection  and  servicing  at  short  intervals  to  render  a  good 
quality  of  service. 


SYSTEM  IMPROVEMENTS 


In  various  system  study  designs,  a  sequence  of  system  in^rovements  is  often  es¬ 
tablished  that  converts  a  single  phase  line  to  a  V  phase  line  and  at  some  sub¬ 
sequent  year  is  again  converted  from  V  phase  to  three  phase  line.  These 
recommendations  were  often  followed  until  many  borrowers  observed  that  a  very 
short  period  of  time  existed  between  the  two  recommended  conversions.  Conse¬ 
quently,  borrowers  omitted  the  intermediate  conversion  step  and  performed  the 
conversion  recommended  in  the  final  sequence  for  the  particular  line  in  question. 
This  procedure  does  account  for  an  increased  investment  a  few  years  in  advance. 
However,  this  increased  investment  is  more  than  offset  by  the  savings  in  labor 
and  in  continuity  of  service  when  the  intermediate  step  of  conversion  is  omitted. 
The  labor  costs  of  conversion  from  single  to  three  phase  are  very  little  more 
than  those  when  converting  single  to  V  phase.  This  is  also  true  in  regard  to 


equipment  charges  on  this  construction.  The  additional  investment  is  represented 
in  the  single  conductor.  With  line  conversion  made  directly  from  single  to 
three  phase,  construction  crews  are  made  available  for  other  system  improvement 
requirements,  or  can  be  made  available  for  operations  and  maintenance  duties. 

The  extensive  use  of  V  phase  lines  should  be  discouraged  for  both  conversion  and 
new  construction.  This  conclusion  has  been  verified  through  experience  of  many 
systems.  The  possibilities  of  three  phase  loads  do  exist  and  they  can  be  more 
readily  served  than  from  a  V  phase  line  which  may  require  conversion  to  three 
phase  at  an  additional  cost.  In  the  design  of  feeders,  however,  it  is  often  nec¬ 
essary  to  employ  V  phase  lines  for  short  distances  to  provide  adequate  load 
balance. 

To  avoid  large  uneconomical  conductor  sizes  which  often  occur  when  reduced  voltage 
drops  are  desired,  feeder  lines  should  be  shortened  by  adding  new  substations. 

This  often  may  require  transmission  lines  so  that  substation  can  be  located  at 
load  centers.  The  additional  transmission  line  cost  is  justifiable  with  its 
short  distribution  feeders  of  smaller  conductor  as  conquered  with  a  substation  and 
long  distribution  feeders  and  large  imeconomical  conductor  sizes.  In  the  latter 
case  construction  costs  may  be  considerably  less  than  that  idien  a  transmission 
line  is  needed  for  a  new  power  supply.  However,  with  adequate  sources  of  supply 
for  new  substation  the  problems  of  system  load  growth  can  be  adequately  met  and 
in  the  long  run  will  be  more  economical.  In  this  respect  it  may  be  desired  to 
standardize  not  only  in  economical  conductor  sizes  but  also  in  substation  capacity 
at  proper  locations.  In  this  respect  a  system  of  approximately  3>250  miles  of 
distribution  line  has  standardized  on  substation  capacities  of  not  larger  than 
1^00  KVA  and  conductor  sizes  not  in  excess  of  No,  2  copper  equivalent.  Numerous 
large  power  applicants  are  served  and  new  applications  received  which  have 
required  new  substations  in  accordance  with  the  area  loads  to  be  served. 

The  addition  of  new  substations  may  tend  to  lower  the  system  load  factor  espec¬ 
ially  where  small  industrial  loads  such  as  gravel  or  agricultural  lime  pits  are 
involved.  The  location  of  the  new  substation  could  remove  some  of  this  load 
from  an  existing  substation  in  such  a  manner  as  to  reduce  a  good  load  factor 
that  can  be  derived  from  a  high  diversity  factor.  If  the  area  of  the  new  sub¬ 
station  is  basically  of  the  same  type  of  farming,  then  no  appreciable  effect 
upon  load  factor  would  be  noted.  These  factors  should  also  be  considered  in 
light  of  the  power  suppliers  policy  with  respect  to  cost  of  transmission. 


James  H,  Phillips  (REA  Field  Engineer,  Jacksonville,  Florida) :  The  paper  prepared 
by  Mr.  R.  W,  Schlie  represents  an  important  contribution  to  the  study  of  conductor 
econony.  He  has  undertaken  a  new  approach  to  the  subject  and  has  derived  a 
sound  mathematical  solution  applicable  to  both  new  and  conversion  lines.  The 
logic  eii5)loyed  in  the  derivation  of  the  various  formulae  is  unassailable  and  the 
result  is  a  straightforward  method  for  conqjarative  economic  analysis  of  new  line 
conductivities,  or  proposed  changes  in  conductivities  of  existing  lines. 

The  purpose  of  this  discussion  is  to  consider  the  variable  factors  enqjloyed  by 
Mr.  Schlie  in  the  development  of  formula  constants,  and  the  effect  of  these 
variables  on  results  obtained  from  this  method  of  analysis.  Furthermore,  sug¬ 
gestions  of  additional  factors  relating  to  econony  are  included  for  the  author' s 
consideration. 
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GENERAL 

In  order  to  evaluate  Mr.  Schlie*s  paper,  it  should  be  noted  first  that  conclusions 
drawn  by  Mr.  Schlie  are  related  directly  to  assumed  factors  of  wholesale  power 
cost,  operations  and  maintenance  expense,  load  and  demand  factors,  cost  of  new 
and  conversion  line  construction,  etc.  It  is  in  order  to  discuss  these  factors 
and  their  relationship  to  conductor  econouy  in  the  analysis  procedure  developed 
by  Mr.  Schlie. 

Fixed  Charge  Rate  (Constant  A) 

The  fixed  charge  rate  of  .07  appears  someidiat  high  for  \iniform  application.  Fur¬ 
thermore,  since  the  fixed  charge  rate  includes  operations  and  maintenance  expense 
as  well  as  other  items  such  as  interest  and  depreciation  which  may  be  considered 
as  variables,  it  appears  that  applicable  fixed  charge  rates  should  be  determined 
for  the  particular  lines  under  consideration.  For  exanple,  express  feeders 
where  applicable  as  proposed  by  Mr.  Schlie  would  likely  be  routed  "cross  country," 
and  higher  operations  and  maintenance  expenses  would  be  anticipated. 

Further  study  of  operations  and  maintenance  expense  relationships  to  line  loca¬ 
tions  and  types  of  conductor  appear  to  be  warranted.  Adjustment  of  the  fixed 
charge  rate  constant  would  have  a  direct  bearing  on  results  of  the  econony  study. 

Demand  and  Energy  Charges  (Constants  M  and  L) 

The  assumed  constants  of  $1.6l  per  KW  demand  plus  an  energy  charge  of  $.013  per 
KVH,  used  for  illustrative  purposes  by  Mr.  Schlie,  represent  unusual  and  ex¬ 
tremely  high  cost  power.  At  a  load  factor  of  the  average  cost  per  KVH 
would  be  17. Ul  mills.  There  are  few  places  in  the  country  today  idiere  such  power 
costs  prevail.  The  latest  yearly  report  I  have  avadlable  for  national  average 
cost  of  power  purchased  by  REA  borrowers  is  dated  June  30,  195l«  This  report 
indicates  that  in  the  prior  year,  the  national  average  cost  per  KWH  furnished  by 
power  companies  was  8.9  mills;  and  for  power  supplied  to  borrowers  by  publicly 
owned  suppliers,  5*9  mills.  No  doubt  similar  cost  figures  would  be  lower  at  the 
present  time. 

These  demand  and  energy  constants  directly  affect  the  value  of  Loss  Constant  (J), 
and  additional  comments  are  included  later  in  this  discussion. 

Load  Factor  (Constant  LF) 

Load  factor  has  a  direct  bearing  on  results  on  an  econony  analysis,  and  it  ap¬ 
pears  that  its  effect  on  Loss  Constant  (J)  should  be  set  forth  more  fully. 

Using  REA  Demand  Tables,  the  load  factor,  for  example,  of  a  130  KW  load  would 
bo  30  to  32  percent.  For  a  load  of  UOO  to  600  KW,  the  load  factor  would  be 
UO  to  U3  percent.  A  practical  suggestion  would  appear  to  be  to  determine  Loss 
Constants  for  various  ranges  of  KW  loading  from  i^ch  families  of  equation 
constants  co\ild  be  derived  for  the  application  of  equation  13. 

Demand  Factor  (Constant  N) 

Mr.  Schlie*  s  recognition  of  the  fact  thai  demand  varies  month  by  month  is  good. 
However,  loss  demand  varies  with  the  square  of  system  demand  and  therefore  it 
appears  that  Constant  (N)  should  be  the  square  of  the  ratio  of  average  to  peak 
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inonthly  demands.  The  resulting  Loss  Constant  (J)  in  Mr.  Schlie*s  calculations 
would  be  .0382  instead  of  .OU.  The  effect  of  squaring  the  ratio  is  minimum  where 
high  ratios  of  average  to  peak  demands  obtain.  The  effect  on  lower  ratios  is 
more  readily  apparent. 

Power  Factor  (cos  Q) 

The  applicable  power  factor  does  not  appear  to  bo  clearly  defined.  Since  the 
econony  analysis  is  made  on  the  basis  of  annual  cost,  the  effect  of  variations  in 
power  factor  should  perhaps  be  explored. 

New  and  Conversion  Line  Costs  (Constant  C) 

In  an  analysis  of  conductor  econony,  the  cost  of  new  and  conversion  lines  must  be 
estimated  for  the  particular  area  and  loading  involved.  This  is  an  entirely 
obvious  statement,  but  is  included  in  order  to  illustrate  econony  problems  in 
areas  vdiere  low  cost  idiolesale  power  plus  reasonable  construction  costs  prevail. 
The  following  cost  table  for  new  and  conversion  lines  in  medium  loading  was  ob¬ 
tained  from  one  of  the  larger  engineering  firms  in  the  Southeast  Area; 


Construction  Costs  for  New  ACSR  Lines,  Medium  Loading  Area 


ACSR 

•'vy 

■  M 

h 

1100 

li;fi0 

1720 

2 

1170 

1610 

1930 

1/0 

1280 

1830 

2260 

2/0 

2000 

2580 

3/0 

2970 

Conversion  Costs,  ACSR  Lines,  Medium  Loading 


Convert  To: 


Existing  ip 

«V’>0 

30 

ACSR 

TTo 

^2 

1/0  2/0  #U 

#2 

1/0 

2/0 

■^To 

h/h  330 

U50  760 

1030 

1250  1660  980 

1320 

1650 

2130 

2510 

2/1* 

U20 

820 

1230  1U50 

1100 

1620 

2060 

2U90 

10  l/O/l* 

9U0 

1330 

1930 

2200 

V0  l*/u 

560 

780  U90 

960 

1290 

1800 

V0  2/U 

730 

560 

1250 

1580 

2130 

V0  1/0/1* 

670 

30  h/h 

800 

1130 

1725 

2100 

30  2A 

1070 

ll;80 

2030 

Maiy  of  the  above  estimated  costs  differ  considerably  from  cost  estimates  em¬ 
ployed  by  Mr.  Schlie,  yet  the  above  costs  must  be  presumed  approximately  correct 
for  some  borrowers  in  the  Southeast  Area.  It  is  not  the  intent  of  this  discussion 
to  coirqpare  accuracy  of  cost  information,  but  only  to  illustrate  the  effect  of 
cost  data  for  a  particular  area,  since  in  the  final  analysis  the  results  of  an 
econooy  stuc^  will  be  directly  effected  by  factors  pertaining  to  the  particular 
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area  involved.  The  effect  on  an  economy  analysis  of  different,  and  in  many 
instances  much  lower,  construction  cost  plus  applicable  changes  in  other  constants 
will  be  given  later  in  this  discussion. 

Loss  Constant  (J) 


In  order  to  illustrate  the  effect  of  much  lower  wholesale  power  cost  in  an  econ¬ 
omy  analysis,  the  following  calc\ilation  of  Loss  Constant  (J)  is  made  using 
present  power  cost  in  the  service  area  of  a  Southeast  Area  power  supplier 
(Georgia  Power  Company). 


Demand  Charge  (M) 
Energy  Charge  (L) 
Load  Factor  (IJ) 
Loss  Factor  ( J ) 


0 

6.5  raills/KWH 
.I4O  (assumed) 

.012MN  /  8.76LH  ^  ^ 

0  /  8.76(.oo65)C-8U(.Uo)2  /  .l6(.UoJ 
0  /  .0569U(.198U) 

.0113 


The  effect  of  this  lower  Loss  Factor  would  be  an  89^  increase  in  KW  in  the  group 
of  equations  developed  by  Mr,  Schlie  from  equation  #13  for  comparison  of  lines. 

Table  III  and  Table  VI 


Using  construction  cost  estimates  obtained  from  an  engineering  firm  (as  given 
on  page  3  of  this  discussion)  and  a  Loss  Constant  (J)  of  .0113  as  developed  for 


a  particular  supplier,  the  following  comparison  with  results  obtained  by  Mr.  Schlie 

is  made  for  new  and  conversion  lines.  Tables  III 

and  VI, 

Table  III 

Comparison  of  New  Lines 

Line  Comparison 

Equal  Cost  Load 

Ad:justed  Equal  Cost  Load 

l^k  or  102 

125  KW 

152  KW 

10U  or  V0U 

159 

282 

10h  or  V02 

176 

382 

10h  or  30U 

176 

312 

10U  or  302 

152 

33k 

102  or  101/0 

221 

220 

102  or  V0U 

206 

U26 

(Complete  comparison  not 

made.  Sufficient  values 

calculated  for  illustrative 

purposes.) 

Table  VI 

Economic  Conversion  Loads 

*** 

V.D.  per  Mi, 

Conversion  Wire  Size 

*E.C.L.  -JHtA.E.C.L. 

A.E. C.L. 

10  to  V0  U  to  U 

183  KW 

399  KW 

1.33? 

10  to  V0  U  to  2 

2h2 

U05 

.98% 

10  to  V0  U  to  1/0 

278 

UlO 

.73* 

10  to  30  U  to  U 

187 

392 

.69$ 

10  to  30  U  to  2 

2ia 

k2h 

.511^ 

10  to  30  1*  to  1/0 

281i 

W»3 

.372* 

-8- 


( Complete  comparison  not  made.  Sufficient  values  calculated  for  illustrative 
purposes. ) 

*  Economic  Conversion  Load. 

*^Adjusted  Economic  Conversion  Load. 

■5HH(-Voltage  drop  per  mile,  adjusted  economic  conversion  load. 

The  effect  on  system  design  of  the  adjusted  KW  values  in  Tables  III  and  VI  is 
immediately  apparent.  Voltage  drop  considerations  become  of  increasing  impor¬ 
tance  on  the  larger  capacity  lines  of  Table  III.  With  reference  to  Table  VI,  the 
adjusted  KW  values  and  related  voltage  drops  per  mile  indicate  that  conversion 
often  must  be  accomplished  prior  to  reaching  desired  economic  conversion  loads. 
Since  the  value  of  Loss  Constant  (J)  is  a  predominant  factor  in  results  obtained, 
it  is  apparent  that  the  problem  of  obtaining  economic  loading  of  conductor  is 
considerably  magnified  in  areas  having  relatively  low  cost  wholesale  power.  The 
national  average  cost  of  power  supplied  to  borrowers  would  appear  to  confirm  this 
problem  of  economic  loading  as  being  widespread  indeed. 

CONCLUSIONS 


1.  The  problem  of  economic  conductor  loading  in  prevailing  widespread  areas  of 
relatively  low  wholesale  power  cost  to  borrowers  appears  not  fully  apprec¬ 
iated.  It  is  suggested  that  illustrative  exair^Dles  should  have  included 
power  costs  more  closely  approaching  national  average  power  costs. 

2.  The  inference  is  plain  that  considerations  other  than  econor^y  often  influence 
the  selection  of  phasing  and  conductivity  of  both  new  and  conversion  lines  - 
for  example,  voltage  drop  or  load  balance,  or  a  combination  of  the  two. 

The  magnitude  of  the  conversion  econoiny  problem  is  indicated  by  the  fact  that 
the  ratio  of  conversion  mileage  to  new  line  mileage  in  current  System  Studies 
is  on  the  order  of  5  to  7  to  1. 

3.  Cost  of  new  and  conversion  line  construction  should  be  determined  with  con¬ 
siderable  care  for  the  particular  area  and  loading  involved.  In  the  cost 
figures  used  for  illustrative  purposes  by  Mr.  Schlie  for  conversion  of  a 

30  ACSR  line  to  30  iJ^l/O  ACSR  line,  today*  s  r^lacement  cost  is  used  for 
the  #ii  ACSR  line,  plus  conversion  cost  to  arrive  at  a  total  cost  of  con¬ 
version.  It  appears  incorrect  to  apply  present  day  replacement  costs  in  such 
a  manner  to  lines  presumed  to  be  several  years  old  in  most  instances. 

U.  Yearly  Demand  Factor  (Constant  N)  should  be  the  square  of  the  ratio  of  aver¬ 
age  to  peak  monthly  demands. 

5.  It  appears  that  rather  broad  conclusions  are  reached  through  rather  limited 
consideration  of  specific  conversion  problems.  This  does  not  iir^jly  a  fault 
of  the  method  of  economy  analysis,  but  more  caution  probably  should  be  used 
in  evaluating  the  results  of  the  analysis. 

For  example,  in  lieu  of  conversion  involving  a  change  in  conductor  size,  an 
inference  is  drawn  to  indicate  that  express  feeders,  parallel  feeders,  or 
new  sources  of  supply  should  be  recommended  on  the  basis  of  econorry.  Actually, 
such  determinations  usually  can  be  made  only  on  the  basis  of  an  expanded  cost 
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analysis  of  line  changes  required  in  the  entire  area  under  consideration. 

Such  line  changes  in  an  entire  area  may  be  anticipated  to  involve  several 
types  of  conversion. 

Express  or  parallel  feeders  result  directly  in  the  maintenance  of  two  lines 
instead  of  one;  and  express  feeders  may  be  anticipated  to  be  routed  ” cross 
country"  with  resulting  higher  operations  and  maintenance  expenses.  Both 
express  and  parallel  feeders  now  may  be  anticipated  to  involve  R/W  acqui¬ 
sition  problems,  and  R/W  acquisition  problems  have  been  found  to  be  very 
real  in  a  considerable  number  of  instances. 

New  substations  now  cost  a  mirnmum  of  about  $  30,000.00  and  it  appears  that 
the  magnitude  of  such  costs  has  been  largely  overlooked.  Furthermore,  both 
conversion  and  tie  lines  are  usually  necessary  to  integrate  a  new  source 
into  a  system. 

In  view  of  the  above  considerations,  an  expanded  cost  analysis  usually  is 
necessary  for  comparative  purposes  for  two  or  more  designs  for  system  im¬ 
provement.  Overall  system  econoiry  is  the  desired  result,  regardless  of 
specific'  instances  of  conversion  economy. 

6.  Conductor  economy  theory  can  only  assist  the  system  engineer  in  his  endeavor 
to  apply  sound  engineering  judgment.  It  should  be  used  as  a  guide  only  - 
not  as  a  final  arbiter  of  design. 

In  addition  to  considerations  relating  to  the  above  conclusions,  there  are  others 
bearing  on  economy  of  system  design  which  probably  should  be  included  in  an  over¬ 
all  analysis  of  proposed  system  changes.  Some  of  these  additional  suggested 
considerations  are  as  follows: 

7.  Some  power  suppliers  are  requiring  borrowers  to  make  every  effort  to  carry 
increased  system  loads  by  means  of  line  conversion,  voltage  regulators, 
conversion  to  higher  distribution  voltage,  etc.,  up  to  an  overall  improvement 
cost  equivalent  to  alternative  new  power  supplier  transmission  cost  to  serve 
new  sources.  In  some  areas,  the  comparative  cost  includes  both  transmission 
and  substations  furnished  by  the  supplier.  Unfortunately,  in  some  instances, 
power  suppliers  have  used  cost  estimates  for  providing  new  sources  far  above 
REA  cost  records  or  estimates  for  similar  construction,  and  this  has  resulted 
in  economic  hardships  for  the  effected  borrowers. 

8.  Higher  cost  per  KMl  on  new  sources  in  the  above  minimum  KWH  cost  brackets  of 
wholesale  power  contracts. 

9.  Loss  of  diversity  resulting  from  new  sources,  with  consequent  increased 
demand  charges. 

10.  Voltage  regulator  losses. 

11.  Conversion  to  higher  distribution  voltage, 

12.  Most  systems  have  practically  reached  area  coverage,  resulting  in  a  conse¬ 
quent  reduction  in  latitude  for  economic  design  of  new  feeder  systems. 
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13.  Increased  salvage  value  of  obsolete  size  conductor  -  particularly  copper 

conductor  which  now  in  many  instances  is  worth  as  salvage  very  close  to  orig¬ 
inal  installed  cost.  ACSR  conversion  of  copper  lines  has  become  widespread 
due  to  the  much  more  favorable  net  cost  of  conversion. 

li|.  In  proposed  conversion  of  single  phase  and  *'V"  phase  lines  in  System  Studies 
prepared  by  some  System  Engineers,  REA  has  approved  for  many  years  the 
addition  of  conductors  having  greater  conductivity  than  existing  conductors 
which  are  left  in  place  -  for  example,  the  addition  of  2  -  #2  ACSR  conductors 
to  a  single  phase  ACSR  line.  The  economic  aspects  of  this  as  compared  to 
also  replacing  the  ACSR  phase  conductor  with  ACSR  indicate  this  to  be 
an  excellent  practice. 

Furthermore,  our  voltage  drop  calculation  procedure  includes  consideration  of 
unbalanced  systems. 

No  undue  operating  or  maintenance  problem  has  been  reported  by  borrowers  having 
unlike  conductivity  multiphase  lines.  It  appears  that  the  economic  merits 
of  this  type  of  conversion  should  be  recognized. 

15,  It  appears  that  consideration  should  be  given  in  economy  comparisons  to  the 
effect  of  conductivity  or  raultiphasing  as  the  case  may  be  to  revenue  loss 
due  to  voltage  drop.  The  General  Electric  Company,  Westinghouse,  Allis -Chalmers 
and  perhaps  other  companies  have  made  investigations  of  such  revenue  losses 
and  it  appears  that  this  subject  is  deserving  of  considerable  study. 

REA  has  not  recognized  the  effect  of  voltage  drop  on  revenue,  but  there  is 
considerable  evidence  -  including  the  operating  experience  of  some  borrowers 
seeking  information  on  this  subject  -  that  a  definite  revenue-voltage  drop 
relationship  does  exist.  It  would  appear  to  be  an  entirely  valid  considera¬ 
tion  for  System  Engineers  to  apply  in  econoitiy  studies,  and  some  System 
Engineers  have  applied  this  factor  in  econony  studies  for  some  time.  The 
objective  would  be  of  course  the  determination  of  NET  gain  from  increased 
KWH  resulting  from  reduction  of  voltage  drop. 

As  a  final  comment  on  this  paper,  it  should  be  noted  studies  such  as  this  proposed 
by  Mr.  Schlie  have  very  limited  application  among  REA  borrowers.  System  Engineers 
vdll  of  course  follow  recommended  procedures  in  System  Study  design  work.  However, 
subsequent  to  the  preparation  of  a  System  Study,  needs  for  unanticipated  line 
changes  may  arise  because  of  new  loads  or  growth  trends  varying  from  trends  used 
as  the  basis  of  design.  Borrowers  generally  do  not  employ  on  their  own  payrolls 
qualified  engineers  who  understand  and  can  apply  economic  principles  in  line 
construction. 

Mr.  Schlie  has  performed  an  excellent  service  for  distribution  engineers  in  the 
preparation  of  this  paper.  However,  until  such  time  as  borrowers  recognize  the 
need  and  initiate  action  to  obtain  employee  engineers,  effort  such  as  is  repre¬ 
sented  by  this  paper  will  have  very  limited  application  and  will  be  little 
appreciated  ly  those  whom  REA  most  desires  to  assist  toward  improved  economic, 
practices. 
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Walter  Castle  (Castle  Engineering  Company,  Dayton,  Ohio) :  Thank  you  for  the 
opportunity  to  review  the  paper  regarding  "Economic  Design  of  Primary  Lines  for 
Rural  Distribution  Systems"  prepared  by  Mr.  Roland  W,  Schlie.  It  is  certainly 
every  distribution  engineer's  hope  that  a  formula  can  be  evolved  which  will 
allow  him  to  select  a  given  line  design  for  any  particular  loading  anticipated 
and  to  implement  planned  changes  in  design  by  measurement  of  experienced  demand, 
Mr.  Schlie' s  approach  to  this  problem  represents  constructive  thinking  in  this 
matter. 

Any  method  of  line  design  inevitably  requires  assumptions  as  to  future  loadings 
and  future  methods  of  development.  In  the  case  of  the  subject  paper,  future 
system  loads  have  been  projected  over  a  period  of  thirty-five  years  and  methods 
of  line  development  assumed  (See  Figure  8  and  9)>  resulting  in  future  RMS  loading 
of  2.38  times  present  demand.  While  these  assumptions  may  be  proper  from  a 
system  standpoint,  the  writer  questions  the  propriety  of  assuming  these  methods 
of  development  for  individual  distribution  lines. 

The  use  of  voltage  regulators,  as  indicated  in  Figures  8  and  9j  and  the  establish¬ 
ing  of  new  sources,  as  indicated  in  Figure  9>  both  entail  costs  in  installation, 
maintenance  and  operation  idiich  should  be  considered  in  conjunction  with  conductor 
losses  to  determine  the  lowest  over-all  cost.  On  many  feeders,  it  will  be 
physically  impractical  to  follow  the  assumed  method  of  development.  Furthermore, 
in  assuming  continued  load  growth  for  extended  periods,  it  is  pres\imable  that 
under  many  conditions  consideration  must  be  given  to  utilization  of  higher 
distribution  voltages.  For  the  above  reasons,  it  appears  that  the  design  loadings 
used  are  subject  to  question. 

The  author  of  the  subject  paper  appears  to  feel  that  present  design  procedures 
are  resulting  in  the  installation  of  conductors  of  greater  capacity  than  econom¬ 
ically  justified.  The  writer  does  not  feel  that  this  is  a  general  condition  in 
the  area  with  which  he  is  familiar,  although  it  may  well  be  true  under  other 
conditions , 

The  writer  feels  that  continued  load  growth,  and  the  very  existence  of  the  system, 
is  contingent  to  a  great  extent  on  the  quality  of  service  rendered,  and  that  in 
the  design  of  a  distribution  system  adequate  voltage  control  must  be  conceded 
as  the  paramount  consideration  rather  than  economic  design. 


Rol^d  W,  Schlie;  The  con^jrehensive  discussions  presented  during  the  Technical 
Conf*erence  are  encouraging.  They  demonstrate  a  true  interest  in  the  subject. 

The  discussions  on  this  paper  were  reviewed  in  great  detail.  The  author's  primary 
objective  in  this  detailed  review  was  to  determine  whether  or  not  the  procedure 
of  economic  analysis  snd  the  conclusions  drawn  from  the  analysis  are  sound. 

Discussions  on  this  paper  bring  up  many  points  T«diich  are  in  agreement  with  the 
paper  or  vdiich  were  not  presented  as  a  challenge  to  the  procedure  or  conclusions. 
These  are  not  discussed  further.  Some  points  are  covered  only  in  a  general 
manner.  Those  points  which  directly  dispute  the  procedure  and  conclusions  are 
discussed  in  more  detail. 

It  should  be  noted  that  the  subject  paper  concerns  the  economic  design  of  prima-y 
lines.  Several  comments  give  the  impression  that  the  paper  has  been  judged  in 
that  it  does  not  automatically  solve  the  problem  of  obtaining  an  economic  design 
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of  a  distribution  system.  A  study  of  the  economic  design  of  a  distribution 
system  includes  more  than  the  economic  design  of  primary  lines.  Actually,  eco¬ 
nomic  system  design  often  dictates  less  than  the  most  economic  design  of  partic¬ 
ular  primary  lines.  However,  this  paper  should  prove  to  be  a  practical  engineering 
guide  in  arriving  at  the  economic  design  of  a  distribution  system. 

Voltage  standards  have  been  determined  for  REA  primary  lines.  These  standards 
must  be  met  in  the  design  and  in  the  operation  of  the  system.  The  standards  are: 

127  volts  maximum  and  II6  volts  minimum  (referred  to  a  120-volt  base)  for  primary 
lines.  These  limits  are  not  based  upon  economic  considerations  but  solely  on 
service  requirements  of  the  system.  An  economic  design  of  a  distribution  system 
is  one  which  meets  this  standard  (as  well  as  all  other  design  standards)  and  results 
in  the  lowest  annual  cost.  Voltage  standards  can  be  met  by  choice  of  conductor 
size,  number  of  phases,  length  of  circuits,  primary  voltage  level  and  using  voltage 
regulators.  Before  a  less  economical  conductor  size  is  recommended  it  should  be 
determined  that  other  means  of  meeting  the  voltage  standards  prove  more  costly  than 
the  selection  of  a  less  economical  conductor  size.  It  is  not  sufficient  to  state 
that  a  circuit  has  excessive  voltage  drop  if  the  economical  conductor  size  is 
used  and  therefore  a  larger  size  is  recommended.  Rather,  economic  system  design 
requires  that  other  means  of  reducing  voltage  drop  (number  of  phases,  length  of 
circuits,  primary  voltage  level  and  using  voltage  regulators)  must  be  evaluated  to 
determine  that  increased  conductor  size  results  in  lowest  annual  cost. 

With  reference  to  distribution  line  load  growth,  it  is  stated  in  the  paper  that 
preliminary  studies  indicate  that  the  two  developments  of  feeder  capacity  as  il¬ 
lustrated  in  Figures  8  and  9  are  the  most  economical.  Additional  studies  have  been 
made  which  result  in  farther  evidence  to  substantiate  this  statement.  Economic 
studies  are  not  precise.  The  value  of  2.38  times  present  loading  is  a  justified 
approximation  in  light  of  the  relative  accuracies  of  other  values  used  in  an  eco¬ 
nomic  study. 

It  was  stated  that  conclusions  drawn  are  related  directly  to  assumed  factors  of 
wholesale  power  cost,  operations  and  maintenance  expense,  load  and  demand  factors, 
cost  of  new  and  conversion  line  construction,  etc.  It  should  be  noted  that  the 
same  conclusions  are  justified  when  each  assumed  constant  used  in  the  paper  is 
changed.  An  analysis  of  corrpleted  calciilations  given  in  the  discussion  will 
verily  this.  Costs  of  new  and  conversion  construction  are  critical.  The  costs 
shown  in  the  discussion  are  proportionate  to  those  given  in  the  paper  and  there¬ 
fore  change  the  magnitude  of  the  loading  limits  without  appreciably  changing  the 
relative  loading  of  one  line  compared  to  another.  Constants  are  chosen  to  match 
existing  conditions  for  a  specified  system  (except  the  value  '’A")»  They  could 
conceivably  be  modified  for  each  line  but  it  is  doubtful  that  such  a  refinement 
could  be  justified. 

The  value  "A",  fixed  charge  rate,  is  assumed  constant  for  all  systems.  The  author 
believes  this  to  be  justified  in  view  of  his  analysis  of  economic  studies  in  which 
this  value  was  assumed  to  be  a  variable.  In  too  many  instances  the  fixed  charge 
rate  appeared  to  be  chosen  in  an  effort  to  support  either  higher  or  lower  loading 
limits  and  thereby  justify  rather  extreme  recommendations.  The  author  is  not 
confident  that  a  value  of  .07  should  be  assumed  for  "A”,  rather  that  some  fixed 
value  be  recommended.  In  the  discussions  it  is  implied  that  this  value  will  vary 
from  5.25  to  13.5  percent.  This  range  was  established  by  adding  all  minimum  or 
maximum  values  of  each  charge  included  in  the  fixed  charge  rate.  It  is  very 
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doubtful  that  the  range  can  be  established  in  this  manner  for  it  wuld  be  under 
rare  circumstances  that  all  values  would  be  either  a  maximum  or  a  minimum.  The 
author  would  estimate  a  range  of  7  to  10  percent  to  be  more  accurate. 

The  factor  "N",  yearly  demand  factor,  was  included  in  equation  (3)  to  more  accu¬ 
rately  express  the  cost  of  demand  resulting  from  losses.  The  value  of  ”1"  used  in 
this  equation  is  the  RMS  value  of  future  yearly  peaks.  Since  demand  charges  are 
actually  monthly  charges,  it  was  necessary  to  correctly  evaluate  the  cost  of 
demand  resulting  from  losses  by  using  the  constant  12  and  the  factor  ”N'*.  As  used 
in  this  equation  ”N"  is  defined  as  the  average  monthly  KW  demand  divided  by  the 
peak  monthly  demand.  As  pointed  out  in  the  discussion,  "N"  is  more  accurately 
defined  as  the  ratio  squared  of  average  monthly  KW  demand  divided  by  the  peak 
monthly  KW  demand.  Where  a  yearly  ratchet  clause  applies,  some  modification  of  the 
value  "N"  must  be  made. 
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gEKVICE  TO  LAilGE  KOTOil  LOAD.S 


Discussion  and  author’s  closure 
of  paper  by  Harold  W.  Kelley. 


R.  C.  Holland (REA  Field  Engineer,  Denver,  Colorado);  I  have  no  comments  on  the  paper 
prepared  by  Mr.  Kelley  entitled  ’’Service  to  Large  Motor  Loads",  however,  I  have  ob¬ 
served  some  installations  to  serve  large  motors  and  will  comment  on  this  phase  brief¬ 
ly* 

One  borrower  had  a  request  for  JOO  kva  to  serve  a  350  hp  motor  which  operated  at 
2300  volts,  3600  rpm.  This  installation  vras  located  some  42  miles  from  the  sub¬ 
station  on  a  14.4/24. 9kv  system. 

In  trying  to  start  this  motor  and  pump  it  was  found  that  the  motor  would  not  get  up 
to  rated  speed.  The  best  they  vrere  able  to  do  was  get  the  motor  up  to  1800  rpm  and 
this  would  draw  350  amperes  per  phase  to  the  motor.  By  disconnecting  the  pump  the 
motor  would  reach  rated  speed  in  a  short  while  and  under  this  condition  it  required 
310  amperes  per  phase. 

To  make  this  installation  operate  the  borrower  installed  a  spare  1500  kva  trans¬ 
former  bank  and  the  pipe  line  company  installed  a  motor  operated  valve  that  would 
shut  the  discharge  off  until  the  motor  almost  reached  rated  speed  and  then  the  valve 
would  start  opening  and  open  on  rated  speed  and  thus  prevent  damage  to  the  pump.  This 
particular  installation  is  now  all  automatic  and  is  controlled ' from  a  town  about  100 
miles  away. 

At  another  installation  a  borrower  installed  two  350  hp  23OO  volt  36OO  rpm  motors  some 
4o  miles  from  the  substation  on  a  14,4/24.9  kv  system.  This  installation  has  given 
trouble  and  at  the  present  time  is  not  in  operation.  They  had  to  start  the  motors 
under  no  load  and  when  they  tried  to  start  the  second  motor  the  first  one  would  drop 
off  the  line.  To  correct  this  they  connected  a  regulator  in  the  circuit  that  would 
boost  the  voltage  after  they  had  the  first  one  started.  The  manager  states  they  have 
had  experiences  with  other  motors  and  that  the  slower  speed  motors  do  not  give  the 
starting  troubles  that  these  high  speed  motors  do, 

VOLTAGE  FLICKER 

Voltage  flicker  at  one  borrower  is  present  on  an  infrequent  basis  due  to  the  large 
motor  starting  and  after  the  borrower  explained  to  the  consumers  along  the  line  they 
quit  complaining. 


The  irrigation  borrowers  in  my  area  require  three  element  protection  for  the  motors 
but  I  do  not  know  of  any  that  require  phase  reversal  protection.  We  had  one  case 
of  damage  due  to  phase  reversal  and  this  was  caused  by  the  three-phase  line  being 
wrapped  together  and  when  the  borrower  closed  in  the  breakers  in  trying  to  get  the 
line  on  they  caused  reversal  on  a  two-phase  line  and  had  two  pumps  damaged. 
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There  are  a  number  of  these  phase  converters  in  operation  and  they  apparently  give 
satisfactory  service  especially  on  oil  well  pumping.  A  couple  of  years  ago,  I  had 
a  request  to  check  a  15  hp  installation  that  would  not  start.  In  this  instance  it 
was  found  that  this  was  a  motor  and  pump  installed  down  a  well  some  250  feet  with 
small  leads,  and  further,  the  transformer  was  some  300  feet  from  the  well.  This 
borrower’s  trouble  was  that  they  were  unable  to  figure  the  voltage  drop  in  the 
secondary.  When  we  moved  the  transformer  to  the  well  the  motor  would  start  and  it 
operated  satisfactory  as  far  as  the  borrower  was  concerned.  The  consumer,  however, 
is  paying  for  about  22  kw  to  run  this  15  hp  pump  and  motor. 


C.  P.  Potter  (Wagner  Electric  Corporation,  St,  Louis,  Missouri):  In  this  paper, 

Mr,  Harold  W,  Kelley  has  provided  a  great  deal  of  useful  information,  presented  in 
a  very  practical  way.  The  part  of  the  paper  dealing  with  phase  converters  is 
particularly  timely  and  analyzes  the  various  problems  which  are  involved,  in  a  fair 
and  impartial  manner, 

Mr,  Kelley  refers  to  the  desirability  of  having  three  overload  elements  in  motor 
starters  which  are  used  for  irrigation  applications.  It  may  be  advisable  to  go  still 
further  and  require  three  overload  elements  for  all  these  jobs,  because  the  majority 
of  these  applications  may  be^iSei^y  isolated  transformer  banks.  The  note  in  Section 
4327  of  the  National  Electrical  Code  states  the  problem  as  follows: 

"In  the  case  of  distribution  systems  supplying  wye-delta 
or  delta-wye  connected  transformers  (having  the  wye  neutral 
point  in  the  primary  ungrounded  or  not  connected  to  the 
circuit)  the  authority  enforcing  this  code  may  require  that 
three  running  over-current  units  be  provided  for  the  protec¬ 
tion  of  three-phase,  three-wire  motors,  if  field  experience 
in  the  territory  of  the  authority  indicates  that  a  third  unit 
is  desirable  because  of  motor  winding  failures  at  times  of 
primary  single  phase  failures,  unless  the  motors  are  other¬ 
wise  adequately  protected", 

Mr,  Kelley  calls  attention  to  the  possibility  of  nuisance  trip-outs  of  a  motor  starter 
when  exposed  to  direct  sunlight,  even  though  the  motor  may  be  operating  at  less  than 
full  load,  and  sufgests  as  one  solution  to  this  problem  the  use  of  magnetic  trip  ele¬ 
ments  which  are  not  affected  by  ambient  temperatures.  This  solution  will  reduce  the 
ntunber  of  nuisance  trip-outs  but  may  cause  motor  winding  failures  if  the  motor  is 
fully  loaded  and  is  exposed  to  the  sun.  Instead  of  using  magnetic  trip  elements  it 
would  be  safer  to  use  normal  size  thermal  elements  and  require  that  neither  the 
motor  nor  the  motor  starter  are  exposed  to  the  sun  or  that  they  are  both  exposed  to 
the  sun.  The  motor- starter  should  certainly  be  subjected  to  the  same  ambient  temper¬ 
ature  as  the  motor. 

Mr.  Kelley  recommends  the  use  of  reduced  voltage  starting  when  required  to  obtain  suc¬ 
cessful  operation  of  polyphase  motors.  Another  method  of  starting  these  motors  which 
should  be  considered  is  the  part-winding  method  defined  by  NEMA  as  follows: 

”MGl-l,08,a  Part-winding-start  Motor 

A  part-winding- start  induction  or  synchronous  motor  is  one 
arranged  for  starting  hy  first  energizing  part  of  its 
primary  (armature)  winding  and,  subsequently,  energizing 
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the  remainder  of  this  winding  in  one  or  more  steps. 

The  purpose  is  to  reduce  the  initial  values  of  the 
starting  current  drawn  or  the  starting  torque  developed 
by  the  motor,  A  standard  part-winding- start  induction 
motor  is  arranged  so  that  one-half  of  its  primarj^  wind¬ 
ing  can  be  energized  initially,  and,  subsequently,  the 
remaining  half  can  be  energized,  both  halves  then  carry 
the  same  current**. 

Part-winding-starting  of  polyphase  motors  is  approved  by  most  power  companies  and 

appreciably  reduces  the  cost  of  motor  installations. 


Harold  W.  Kellevt  We  wish  to  thank  Mr,  C,  P.  Potter  for  the  preparation  of  the 
discussion  and  to  commend  Mr,  F,  E,  >fyers  on  his  presentation  and  comments. 

Too  few  electrical  equipment  distributors^aware  of  the  danger  of  motor  ^^me^out 
where  overload  elements  are  restricted  to  only  two  elements  and  service  supply  is 
from  a  floating  wye-delta  transformer  bank.  Distribution  in  rural  areas  should 
highlight  this  problem  to  purchasers  of  equipment  and  insist  on  supplying  starting 
equipment  with  three  overload  elements. 

We  are  aware  of  the  problem  of  keeping  motors  and  starters  under  identical  ambient 
temperature  conditions.  As  motors  have  better  ventilation  and  are  often  not  fully 
loaded,  the  motor  failures  from  overheating  are  far  less  frequent  than  the  nuisance 
trip-outs  due  to  thermal  de-rating  of  the  starter  overload  elements.  Perhaps  a 
future  development  of  a  partially  afl^soent  compensated  overload  element  will  be  the 
best  compromise  solution,  r  i\h^ 

We  are  pleased  to  have  brought  to  our  attention  the  advantages  of  part-winding 
starting  of  induction  motors.  Lower  cost  starting  equipment,  simple  in  design, 
and  relatively  easy  to  install  and  maintain  are  the  chief  characteristics.  Where 
a  motor  manufacturer  offers  the  motor  and  stairter  as  a  combination,  the  chances 
of  misapplication  are  considerably  reduced.  One  caution  must  be  mentioned  regarding 
operation  of  part-winding-starters.  Poor  field  inspection  and  maintenance  can  pos¬ 
sibly  result  in  motors  being  operated  with  one  portion  of  the  winding  under  single¬ 
phase  power,  A  faulty  contact  on  a  reduced  voltage  starter  becomes  evident  immed¬ 
iately  as  the  entire  motor  is  under  single-phase  supply  with  zero  starting  torque, 

A  similar  faulty  contact  on  a  part- winding- starter  can  result  in  a  normal  start 
with  the  run  setting  leaving  the  motor  with  three-phase  on  half  the  winding  and 
single-phase  on  the  other  half.  Normal  inspection  and  maintenance  should  eliminate 
this  possible  trouble. 

We  wish  to  thank  Mr,  R,  C,  Holland  for  ihis  interesting  discussion.  His  eacperience 
with  starting  large  motors  on  rural  systems  highlights  some  of  the  basic  problems. 
Loss  of  torque  due  to  low  and  unbalanced  voltages  is  not  \inusual.  High  speed 
motors  react  to  these  conditions  to  a  marked  degree  because  the  relatively  lower 
starting  torques  and  longer  acceleratidn.Ti:/'/>t  ^  s , 
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A.  ^RORT  SUMMARY  OF  THE  PROBLEMS  OF  mCUm  PaVER 


Discussion  and  author's  closure  of 
paper  by  William  E.  Morris. 


J.  E.  O'Brien  (Chief,  REA's  Engineering  Division):  The  author  is  to  be  complimented 
on  pinpointing  the  principal  problem  areas  confronting  designers,  manufacturers  and 
users  of  nuclear  power  reactors.  This  discussion  will  be  concerned  with  bringing 
you  up-to-date  on  some  changes  which  have  occurred  since  the  author's  manuscript  was 
submitted.  Further  revision  will  be  made  to  reflect  any  changes  that  occur  from 
this  time  until  the  Conference  Proceedings  are  printed. 

Access  Agreements.  (Status  on  January  31.  1956)  The  following  cooperatives, 
or  associations  of  cooperatives,  are  investigating  nuclear  power  through  ac¬ 
cess  ajgreements  with  AEC: 

Seminole  Electric  Cooperative,  Inc.,  Madison,  Florida 
Com  Belt  Power  Cooperative,  Humboldt,  Iowa 

Central  Kansas  Electric  Cooperative,  Inc.,  Great  Bend,  Kansas 
Kansas  Electric  Cooperatives,  Inc.,  Topeka,  Kansas 
Wolverine  Electric  Cooperative,  Inc.,  Big  Rapids,  Michigan 
Rural  Cooperative  Power  Association,  Elk  River,  Minnesota 
Ohio  Rural  Electric  Cooperatives,  Inc.,  Columbus,  Ohio 
Cooperative  Power,  Inc.,  Piqua,  Ohio 

Oklahoma  Statewide  Electric  Cooperative,  Inc.,  Oklahoma  City,  Okla. 

The  Texas  Electric  Cooperatives,  Inc.,  Austin,  Texas 

Wisconsin  Electric  Cooperative,  Madison,  Wisconsin 

National  Rural  Electric  Cooperative  Association,  Washington,  D.  C. 

(study  Group) 

Plains  Electric  Generation  and  Transmission  Cooperative,  Inc., 

Albuquerque,  New  Mexico 

Minnkota  Power  Cooperative,  Inc.,  Grand  Forks,  North  Dakota 
Puerto  Rico  Water  Resources  Authority,  San  Juan,  Puerto  Rico 


AEC  PCWER  DEMONSTRATION  REACTOR  FROGRM 

On  September  21,  1955 »  the  AEC  announced  a  program  of  demonstration  reactors  in  the 
ranges  of  5000 — 10,000  kw,  10,000—20,000  kw  and  20,000—40,000  kw  electrical  out¬ 
put.  This  announcement  called  for  proposals  to  be  submitted  by  February  1,  1956. 
AEC  received  the  following  seven  proposals: 

1.  Chugach  Electric  Association,  Anchorage,  Alaska,  and  Nuclear 
Development  Corporation  of  America,  WTiite  Plains,  New  York  -  - 
sodium-cooled,  heavy  water  moderated  reactor;  electrical  capac¬ 
ity,  10,000  kw;  design  agent.  Nuclear  Development  Corporation; 
completion  date,  mid-196l. 

2.  City  of  Holyoke  Gas  and  Electric  Department,  Holyoke, 

Massachusetts  —  gas-cooled  reactor  with  closed-cycle  gas 
turbine;  electrical  capacity,  15 >000  kw;  design  agent 

Ford  Instrument  Company,  Long  Island  City,  New  York;  comple¬ 
tion  date,  not  determined. 
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3»  City  of  Orlando,  Florida  —  liquid  metal  fuel  reactor; 
electrical  capacity,  25>000  —  40,000  kw;  design  agent 
and  completion  date,  not  determined. 

4.  City  of  Piqua,  Ohio  —  organic  moderated  reactor;  electrical 
capacity,  12,500  kw;  design  agent.  Atomics  International, 

North  American  Aviation,  Inc.,  Downey,  California;  completion 
date,  i960. 

5.  Rural  Cooperative  Power  Association,  Elk  River,  Minnesota  ~ 
boiling  water  reactor;  electrical  capacity,  22,000  kw;  design 
agent,  American  Machine  and  Foundry,  New  York  City;  completion 
date,  i960. 

6.  University  of  Florida,  Gainesville,  Florida  —  pressurized 
light  water  reactor;  electrical  capacity,  2,000  kw;  design 
agent,  not  determined;  completion  date,  1959* 

7»  Wolverine  Electric  Cooperative,  Hersey,  Michigan  —  aqueous 
homogeneous  reactor;  electrical  capacity,  10,000  kw;  design 
agent,  Foster  Wheeling  Corporation,  New  York,  New  York,  for 
reactor  portion,  and  Worthington  Corporation,  Harrison 
New  Jersey,  for  secondary  loop. 

Three  of  these  proposals  were  submitted  by  REA  borrowers.  A  fourth  borrower, 

Golden  Valley  Electric  Association,  Fairbanks,  Alaska  (Alaska  6)  with  the 
Fluor  Corporation,  Los  Angeles,  California,  as  design  agent,  submitted  a  proposal 
to  AEG  subsequent  to  February  1,  1956,  the  closing  date  for  proposals  in  the  small- 
scale  reactor  program.  The  status  of  this  proposal  is  unknown.  The  proposal  is 
for  the  design j  construction,  and  operation  of  a  10,000  kw  steam  plant  powered  l^y 
a  pressurized  light  water  reactor. 

As  of  February  29»  1956,  a  Selection  Board,  composed  of  AEG  staff  members,  is 
proceeding  with  its  study  and  evaluation  of  the  proposals. 

REA  ACmiTISS 

The  REA  liaison  group  now  totals  eleven  members  of  the  REA  staff.  Additional 
members  of  the  staff  participate  in  nuclear  power  matters  from  time  to  time  in 
connection  with  their  regular  work  assignments.  During  calendar  year  1955  members 
of  the  liaison  group  attended  I3  meetings,  technical  conferences  and  forums,  con¬ 
cerned  solely  with  AEC  matters.  During  the  year  REA  became  an  organizational 
member  of  the  Atomic  Industrial  Forum  and,  as  such,  has  access  to  the  great 
amount  of  resource  material  made  available  by  that  organization. 

In  September  1955  Mr.  Wade  M.  Edmunds  was  appointed  Special  Assistant  for  Nuclear 
Power  Projects  in  the  Office  of  the  Assistant  Administrator  —  Electric,  and 
shortly  thereafter  enrolled  in  a  seven-month  course  at  the  School  of  Nuclear 
Science  and  Engineerings  Argonne  National  Laboratory,  Lemont,  Illinois. 


BACEQROPIffi  I 
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Most  trade  journals  in  the  electric  power  field  contain  interesting  and  informative 
articles  on  nuclear  power  developments.  In  addition,  participants  in  this  conference 
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have  copies  of  Mr.  Morris*  excellent  paper,  and  have  received  copies  of  the  report 
entitled,  ’’Nuclear  Energy  Today”  which  appeared  in  the  December  1955  issue  of 
PCWER  magazine.  It  is  expected  that  from  time  to  time  when  particularly  useful 
information  appears  in  pamphlet  or  report  form,  it  will  be  made  available  to  field 
engineers. 


William  E.  Morris;  A  correction  should  be  made  in  the  text  of  the  paper.  On 
page  2,  paragraph  3»  moderators,  line  3»  the  word  not  should  be  inserted  between 
must  and  be.  The  entire  sentence  would  then  read:  ”It  also  must  not  be  a  neutron 
absorber”. 

Nuclear  power  will  \indoubtedly  in  the  future  become  very  important  as  a  power 
source  in  this  country.  Just  when  this  will  occur  is  a  subject  of  much  debate. 
Conventional  power  costs  in  this  country  are  such  that  nuclear  power  may  find  it 
hard  to  compete  for  quite  some  time. 

In  the  present  world  situation  where  there  is  strong  competition  for  nuclear 
superiority,  it  is  reasonable  to  expect  that  nuclear  power  and  the  other  peaceful 
uses  of  the  atom  are  going  to  receive  major  attention.  These  efforts  along  with 
those  of  the  military,  where  military  effectiveness  rather  than  cost  are  primary 
consideration,  should  result  in  the  widespread  apj^lication  of  nuclear  power  at 
much  earlier  date  than  if  nuclear  power  alone  was  the  only  objective. 
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SUMMARY  OF  REMARKS  BY  R.  G.  ZOOK.  ASSISTANT  AXMINISTRATOR 


R.  G.  Zook;  Let  me  congratulate  those  who  have  prepared  for  aid  all  of  you  who  have 
participated  in  this  conference  for  your  efforts  in  making  it  the  successful  one 
which  I  believe  it  to  be,  I  think  the  basis  on  which  this  conference  has  been  held 
provides  a  fine  opportunity  for  exchange  of  technical  information. 

It  is  my  belief  that  conferences  such  as  this  should  be  continued  and  I  would  like 
to  draw  your  attention  to  the  fact  that  many  of  the  problems  faced  by  system 
management  in  the  operation  of  these  rural  power  systems  would  probably  benefit  by 
the  application  of  the  type  of  analysis  and  discussions  conducted  at  this  conference, 

I  believe  it  will  be  helpful  to  indicate  some  of  the  objectives  which  I  feel  our 
REA  electric  program  should  have  for  calendar  1956,  The  first  concerns  itself 
with  our  work  with  borrowers  and  will  provide  for  continuing  emphasis  to  borrowers 
on; 

a.  Better  planning  —  to  include  (1)  the  proper  measuring  and 
scheduling  of  capital  investment  required  for  load  growth} 

(2)  the  establishment  of  financial  objectives,  a  plan  to 
accomplish  them  and  the  putting  into  effect  of  that  plan, 

b.  Better  management  —  to  include  (1)  availability  of  additional 
tools  to  train  new  and  old  directors;  (2)  renewed  emphasis  on 
the  training  of  top  supervisory  operating  personnel  in  practical 
operating  practices;  (3)  the  better  use  of  consultants  (engineers, 
accountants,  and  attorneys). 

With  respect  to  REA*s  own  internal  procedure  we  hope  to  make  available  the  follow¬ 
ing: 

a.  Simplified  and  better  procedures  for  advancing  and  accoimting  for 
loan  funds. 

b.  Better  coordination  of  procedures  in  connection  with  power- type 
borrowers,  including  loans,  operating  reports,  and  operations 
projections, 

c.  The  revised  REA  accounting  course  for  REA  personnel  and  borrowers, 

d.  Results  of  further  analysis  of  loan  feasibility  procedures,  looking 
toxvard  both  betterment  and  shortening  of  such  procedures. 
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ABOUT  THE  CONFERENCE . .  The  purpose  of  the  Annual 

Conference  for  REA  Field  Engineers  is  to  provide  a  forum 
for  the  discussion  of  engineering  matters  concerned  with 
rural  electric  systems*  The  objective  is  to  make  avail¬ 
able  to  field  engineers  an  opportunity  to  share  views  and 
experience  with  other  engineers  who  have  developed  a  high 
degree  of  experience  and  specialization  in  specific  fields. 
Likewise,  the  objective  is  to  provide  the  specialist  engi¬ 
neer  with  an  opportunity  to  share  his  views  with  those 
who  are  facing  the  practical  daily  engineering  problems. 

To  assure  freedom  for  the  development  of  ideas  which  may 
serve  to  in^^rove  the  engineering  of  rural  electric  systems, 
the  authors  of  papers  and  discussions  have  been  encouraged 
to  explore  new  ideas  and  new  techniques  and  to  prepare 
papers  which  reflect  their  cwn  engineering  judgment  and 
experience.  Such  an  approach  may  develop  ideas  which  devi¬ 
ate  from  industry  practices  and  REA  policies  and  procedures 
presently  in  effect.  It  should  be  recognized,  however, 
that  REA  policies  and  procedures  as  set  forth  in  REA  bulle¬ 
tins  are  still  applicable  unless  changed  in  the  light  of 
the  ideas  and  experience  which  may  result  from  such  papers 
or  discussions. 


R,  G«  Zook 

Assistant  Administrator 


DISTRIBUTION  VOLTAGE  -  A  COMPARISON  OF  12KV  AND  i^-KV  SYSTEMS 


Discussion  and  Authors'  Closure  of 
Paper  by  S.  F.  Joyce  and  V.  A.  Gehrer 

H.  R.  Smith  and  E,  A.  Loetterle  (REA  Engineers,  Washington,  D.  C.):  Before  pro¬ 
ceeding  with  any  discussion  of  Mr.  Joyce's  and  Mr.  Gehrer's  paper,  I  wish  to  take 
this  opportunity  to  co^^)liInent  them  on  their  very  fine  and  comprehensive  paper  and 
Mr.  Gehrer's  presentation.  Harry  Smith  and  I  were  requested  to  prepare  a  discus¬ 
sion  of  this  paper  and  although  we  prepared  this  discussion  jointly,  I  have  been 
elected  to  present  the  discussion  since  Harry  has  another  discussion  to  present 
later  this  week. 

The  paper,  as  its  title  Indicates,  is  a  comparison  of  12  kv  and  4  kv  systems.  Some 
of  our  borrowers  have  had  occasion  to  consider  the  conversion  of  4  kv  systems  in 
small  towns  and  villages  to  7 •2/12.5  kv  systems,  which  I  shall  henceforth  refer  to 
as  12  kv.  Consequently  they  have  had  to  study  the  advantages  and  disadvantages  of 
the  two  voltages.  In  these  cases  where  the  existing  4  kv  system  was  obsolete  or 
badly  overloaded  the  balance  weighed  heavily  in  favor  of  the  12  kv  system  because 
the  rest  of  the  system  was  12  kv  and  the  use  of  another  voltage  would  necessitate 
the  stocking  of  a  different  class  of  line  hardware  and  equipment.  Unless  the  other 
considerations  weighed  heavily  in  favor  of  4  kv  the  choice  has  usually  been  in 
favor  of  12  kv  because  of  the  advantage  of  a  single  distribution  voltage  and  the 
greater  load  carrying  capability  of  12  kv.  Its  insurance  against  the  possibility 
of  being  unable  to  serve  iinpredicted  future  loads  and  the  fact  that  the  choice  only 
affected  a  very  small  part  of  the  system  and  the  total  investment  also  were  pieicti- 
cal  considerations  in  favor  of  the  higher  voltage. 

This  comparison  of  a  4  kv  system  with  a  12  kv  system  that  our  borrowers  have  had  to 
make  is,  however,  not  equivalent  to  the  authors  comparison  largely  because  of  the 
difference  in  scope.  On  the  one  hand  we  have  a  very  small  part  of  the  system,  rel¬ 
atively  low  in  cost,  involving  no  transmission  and  perhaps  one  substation;  whereas 
on  the  other  hand  we  have  a  substantial  part  of  the  system,  considerable  in  cost, 
involving  subtransmission  and  a  number  of  substations.  It  is  believed  that  greater 
similarity  can  be  found  in  comparison  of  12  kv  and  14.4/24.9  kv  systems,  which  I 
shall  call  25  kv.  This  is  a  comparison  which  a  number  of  our  borrowers  have  had  to 
make  and  which  perhaps  a  greater  number  will  wish  to  make  in  the  future.  Some  of 
these  comparisons  will  be  required  preparatory  to  the  construction  of  new  lines; 
however,  in  all  probability  more  will  be  required  to  determine  whether  12  kv  should 
be  converted  to  25  kv.  We  would  like  to  point  out  some  of  the  similarities  of  com¬ 
paring  12  kv  to  25  kv  with  the  authors'  comparison  of  12  kv  and  4  kv  systems.  In 
doing  so  we  shall  take  advantage  of  our  opportunity  and  draw  on  AIEE  Transaction 
Paper,  No.  56-3^  hy  W.  M.  Edmunds  and  L.  B.  Crann  for  some  of  our  facts  and  figures. 

The  general  considerations  that  a  borrower  would  employ  in  the  comparison  of  the 
two  system  voltages  are  largely  identical  with  those  listed  by  the  authors.  How¬ 
ever,  it  may  be  necessary  for  some  of  our  borrowers  to  consider  transmission  as 
well  as  sub -transmission,  (in  this  connection  we  would  like  to  ask  the  authors 
what  lines  they  designate  subtransmission. )  It  is  also  quite  probable  the  second¬ 
ary  system  would  be  omitted  from  the  list  of  items  to  be  considered  by  the  average 
borrower.  There  is  only  an  average  of  I.25  consumers  per  transformer  on  REA 
systems.  Consequently  most  consumers  have  their  own  transformer  and  present 
practice  is  to  locate  the  transformer  as  near  as  possible  to  the  load  center.  In 
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low  density  areas  where  25  kv  is  most  apt  to  he  considered  practically  every  con- ■ 
■sumer  will  have  its  own  transformer. 

Most  REA  Borrowers  do  not  own  generation  and  transmission  facilities.  The  average 
borrower  has  practically  all  of  its  investment  in  its  distribution  system.  There¬ 
fore  economical  methods  for  increasing  the  capacity  of  these  distribution  systems 
to  handle  their  growing  loads  are  very  attractive.  Increasing  the  number  of 
supply  points,  adding  new  circuits  or  additional  phases  to  existing  circuits  and 
increasing  the  distribution  voltage,  are  the  general  methods  employed. 

Practically  all  REA  Borrowers  adopted  12  kv  as  their  primary  voltage  at  the  very 
beginning.  They  all  serve  what  would  be  considered  low  density  areas.  This 
standardization  and  the  standardization  of  materials  and  structure  designs  plus 
the  large  amount  of  materials  and  equipment  used  have  resulted  in  low  cost  con¬ 
struction.  This  choice  of  voltage  was  a  good  one,  and  still  appears  good  for 
these  low  density  systems. 

After  World  War  II  a  number  of  borrowers  extended  lines  into  what  may  be  called 
very  low  density  areas.  (By  very  low  density  we  mean  in  the  order  of  one  consumer 
per  mile.  We  note  that  the  authors  use  the  term  light  density  areas  and  we  would 
appreciate  their  telling  us  what  they  consider  light  density  areas.)  Transmission 
lines  and  power  sources  were  generally  far  apart  in  such  areas.  25  kv  systems 
proved  to  be  a  feasible  way  of  bringing  power  to  these  very  thin  areas.  When  the 
25  kv  lines  were  first  proposed  the  lowest  priced  distribution  transformers  cost 
over  $500.  each.  However,  manufacturers  soon  made  transformers  available  for  this 
voltage  and  in  the  desired  sizes  at  less  than  half  this  price.  This  helped  75 
borrowers  justify  and  build  approximately  33^000  miles  of  25  kv  distribution  lines. 

The  main  advantages  of  high  voltage  distribution  are  as  pointed  out  by  the  authors. 
In  the  typical  case,  increasing  the  voltage  from  12  kv  to  25  kv  increases  the  load 
carrying  capability  approximately  four  times.  For  a  low  density  rural  system  the 
total  cost  of  a  new  25  kv  line  is  about  20  percent  higher  than  for  a  new  12  kv 
line  with  the  same  size  conductor  and  phasing. 

Thus  the  cost  per  kw  of  capacity  of  this  higher  voltage  line  is  approximately 
l/3rd  of  the  cost  of  the  12  kv  line  with  the  same  conductor  size  and  phasing. 

As  far  as  tree  trimming  is  concerned,  there  is  no  serious  difference  between  12  kv 
and  25  kv.  Hot  line  tools  are  required  to  work  either  of  these  distribution  lines 
while  energized.  In  geneial  o\ir  borrowers  also  find  it  harder  to  prove  it  eco¬ 
nomical  to  convert  a  working  12  kv  system  to  25  kv.  The  added  costs  of  the  higher 
priced  transformers  is  one  of  the  deterrents.  The  use  of  25  kv  lines  as  express 
feeders  or  as  subtransmission  has  been  proved  economically  attractive  for  heavying 
up  existing  system  or  parts  of  a  system  by  a  number  of  system  engineers.  The 
average  weighted  age  of  REA  Borrowers’  systems  is  now  approximately  10  years, 
therefore  methods  to  increase  capacity  by  keeping  existing  facilities  and  materials 
in  service  are  usually  attractive.  A  plan  that  obsoletes  large  amounts  of 
materials  and  equipment  that  still  have  2/3  of  their  useful  life  remaining  in  most 
cases  will  not  be  the  best  plan. 

Each  REA  Borrower  has  special  design  problems.  It  is  therefore  recommended  that 
each  borrower  have  adequate  system  planning  studies  made  and  kept  up  to  date,  to 
provide  guidance  for  the  economical  development  of  its  facilities  to  handle  its 
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growing  loads.  General  conclusions  or  studies  that  have  heen  made  for  other 
systems  cannot  take  the  place  of  specific  engineering  studies  to  meet  the  borrow¬ 
ers'  own  Specific  conditions  and  needs. 


S.  F.  Joyce;  Ours  is  not  truly  a  rural  system  as  we  serve  large  towns  and  cities 
in  our  area  and  much  of  the  so-called  rural  territory  in  Union  Electric ' s  service 
area  is  suburban  in  nature.  Some  of  it  is  pretty  thin  in  the  Ozark  hills,  but  our 
average,  excluding  towns,  is  probably  3  "to  U  customers  per  mile. 

We  are  considering  our  entire  area  in  di-scussing  the  voltage  problem,  including 
St.  Louis,  East  St.  Louis,  Alton  and  Keokuk,  which  are  heavily  Industrialized  as 
well  as  having  a  densely  built-up  residential  area  in  and  immediately  around  them. 
These  have  been  thoroughly  covered  at  4  kv,  in  some  cases  for  many  years,  and 
feeders  are  short  and  heavy.  In  St.  Louis,  feeder  loads  of  3000  to  3500  kva  at  4  kv 
are  common. 

In  the  adjacent  counties,  lines  were  light  and  were  originally  2400  volt  single 
phase  or  4  kv  single-phase  (two  phases  from  4  kv  wye  system  with  no  neutral). 

These  areas  are  being  cut  to  12  kv  wye,  including  sizeable  towns.  All  new  substa¬ 
tion  capacity  will  be  installed  at  12  kv,  and  4  kv  will  eventually  disappear. 
Substations  as  well  as  lines  in  the  4  kv  portions  were  light  and  scattered  and  we 
have  reached  the  stage  where  two  counties  now  have  only  one  4  kv  substation  in 
each,  located  in  towns,  and  another  has  three,  each  located  in  a  town.  In  these 
cases,  each  4  kv  substation  area  is  an  "island",  surrounded  by  12  kv  substations 
and  circuits. 

In  St.  Louis,  East  St.  Louis  and  Alton,  we  believe  that  4  kv  distribution  wHl  be 
continued  due  to  the  high  stage  of  its  present  development.  The  portion  of  St. 

Louis  County  immediately  adjacent  to  St.  Louis  will  also  probably  remain  at  4  kv, 
but  the  outef  portions  of  it,  about  five  miles  beyond  city  limits,  is  being  cut  to 
12  kv. 
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FAULT  PROTECTION  FOR  THE  UNION  ELECTRIC 
SUBTRANSKISSION  AND  RURAL  DISTRIBUTION  CIRCUITS 


Discussion  and  Authors*  Closure  of 
Paper  by  Ren  Beatty  and  I,  F.  Krughoff 


L.  B.  Crann  (REA  Engineer,  Washington,  D.  C.):  The  authors  have  done  an  excellent 
Job  in  giving  us  a  clear  picture  of  the  fault  protection  practice  and  maintenance 
practices  of  the  Union  Electric  Company.  I  am  sure  that  all  of  us  will  agree  that 
the  infonnation  presented  will  be  very  helpful  to  us  in  our  work. 

The  information  submitted  on  recloser  maintenance  is  of  special  interest  to  us  in 
view  of  the  high  priority  which  we  have  placed  on  this  phase  of  system  operations. 
Continuity  of  service  and  safety  to  operating  personnel  in  particular  demand  that 
we  maintain  our  reclosers  and  maintain  them  adequately.  In  this  respect,  adequate 
maintenance  is  not  the  mere  replacement  of  oil  at  periodic  intervals  but  is  the 
process  of  restoring  the  recloser  electrically  and  mechanically  to  a  sound  operat¬ 
ing  condition.  This  requires  equipment,  knowledge  and  a  systematic  standard  for 
maintenance.  We  would  like  to  discuss  these  points  further  and  possibly  obtain 
additional  details  from  the  authors  on  Union  Electric  Company’s  practices. 

The  Standard  for  maintenance  on  page  4  is  a  good  one  and  one  which  any  utility 
could  profitably  follow.  We  in  REA  have  not  attempted  to  write  as  rigid  a  standard 
but  then  our  problems  are  different.  In  effect  all  we  say  is  to  follow  the  manu¬ 
facturers'  recommendations  for  the  particular  recloser  to  be  maintained.  These 
recommendations,  in  several  cases,  differ  from  those  on  page  4  with  respect  to  the 
frequency  of  inspections.  For  example,  although  the  Line  Material  Company  recom¬ 
mends  yearly  inspection  and  maintenance,  it  also  ties  in  the  frequency  of  mainte¬ 
nance  to  the  recloser  size  with  recommendations  for  inspection,  ranging  from  a 
maximum  of  50  operations  for  50  amp  type  H  reclosers  to  250  operations  for  5  ampere 
reclosers.  The  General  Electric  Company  maintains  that  inspection  of  its  recloser 
can  be  put  on  a  three  year  basis  or  after  a  number  of  operations  varying  from  a 
minimum  of  75  to  a  maximum  of  900  depending  on  the  maxim-um  fault  current  available 
at  the  recloser  installation.  Apparently  the  General  Electric  Company  considers 
moisture  to  be  the  principal  cause  of  oil  contamination  rather  than  the  breakdown 
products  of  oil  due  to  arcing.  We  would  be  very  interested  in  the  authors*  view¬ 
point  and  experience  on  this  subject.  We  would  also  like  to  know  whether  the  ex¬ 
perience  of  the  Union  Electric  Company  to  date  is  such  that  longer  periods  between 
maintenance  can  be  considered  to  be  safe? 

The  need  for  adequate  equipment  to  maintain  oil  circuit  reclosers  does  not  appear 
to  be  fully  appreciated  by  all  REA  borrowers.  The  reference  in  the  maintenance 
standard  to  the  availability  of  proper  facilities  for  oil  testing  and  changing  im¬ 
plies  eq\iipment  which  many  borrowers  do  not  have  but  is  essential  for  proper  main¬ 
tenance.  We  consider  an  oil  dielectric  tester  and  an  insulation  tester  similar  to 
the  L-M  dc  tester  to  be  the  minimum  test  facilities  for  a  borrower  doing  its  own 
maintenance.  Certainly  an  oil  dielectric  tester  because  experience  has  shown  time 
and  again  that  new  oil  is  not  necessarily  free  from  moisture.  If  the  oil  is  dry 
when  received,  it  soon  absorbs  moisture  after  the  drum  has  been  opened.  Therefore 
it  is  essential  that  all  oil  be  tested  for  dielectric  strength  before  being  used. 
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Some  means  for  testing  the  condition  of  the  recloser  insulation,  such  as  the 
stringers,  bushings  etc.,  must  be  provided  for  if  the  recloser  is  to  give  satis¬ 
factory  service  after  being  maintained,  A  high  voltage  dc  tester  permits  the  test¬ 
ing  of  so]J.d  insulation  and  is  an  essential  piece  of  test  equipment  for  all  bor¬ 
rowers  • 

In  addition  to  these  two  basic  items  of  test  equipment,  other  facilities  are  very 
desirable.  An  oil  filter  press  removes  moisture  from  oil  and  raises  the  dielectric 
strength  of  the  oil  to  a  safe  value.  In  many  cases  the  savings  in  oil  may  justify 
the  purchase  of  this  equipment  and  its  associated  filter  paper  oven. 

A  ventilated  drying  oven  is  also  very  useful  in  maintaining  oil  circuit  reclosers. 
With  time,  certain  insulating  parts  absorb  moisture  and  these  parts  must  either  be 
replaced  or  dried.  In  many  cases,  drying  will  prove  to  be  the  most  economical 
method  of  handling  this  problem. 

Quite  obviously,  room  must  be  set  aside  in  a  biiilding  to  house  these  test  facili¬ 
ties  and  to  store  the  reclosers  after  they  have  been  maintained. 

With  respect  to  testing  the  reclosers  for  timing  after  they  have  been  maintained, 
we  have  hesitated  to  recommend  the  equipment  necessary  for  this  work  because  of  the 
cost.  In  most  cases,  automobile  batteries  are  adequate  for  an  approximate  deter¬ 
mination  of  the  pickup  current  of  the  recloser  and  the  mechanical  operation  can  be 
determined  manually.  This  is  a  far  cry  from  the  timing  check  which  the  Union  Elec¬ 
tric  Company  apparently  makes.  The  experience  recorded  in  Data  Sheet  "A"  shows  a 
high  percentage  of  defects  affecting  the  timing  mechanism  of  new  reclosers.  This 
leads  us  to  wonder  whether  some  of  o\ar  field  troubles  with  coordination  can  be 
traced  to  defects  in  the  timer  and  whether  we  should  not  reconsider  the  needs  for 
test  equipment  to  check  the  timing.  The  authors  state  on  page  4  their  belief  that 
their  policy  of  testing  new  reclosers  has  led  to  a  number  of  inprovements  on  the 
reclosers  as  manufactured.  Has  this  improvement  showed  up  in  fewer  timing  con- 
plaints  on  new  reclosers? 

We  note  that  under  the  ’iJsed"  heading  of  data  sheet  "A"  that  no  timing  complaints 
are  listed.  Can  we  infer  from  this  that  once  the  timer  is  correctly  set  further 
trouble  should  not  be  expected? 

We  wonder  if  the  authors  can  give  us  further  Information  on  the  equipment  used  for 
testing  the  reclosers  for  operation.  What  voltage  does  it  operate  at,  what  is  the 
current  capability,  and  how  does  it  handle  mechanical  timer  reclosers  such  as  the 
General  Electric  Companys’  without  having  to  dismantle  the  contact  assembly?  Any 
information  which  is  available  will  be  appreciated. 


Ren  Beatty  and  I.  F,  Krughoff ;  The  authors  wish  to  thank  Mr.  L.  B.  Crann  for  his 
discussion  of  their  paper  presented  at  the  195^  REA.  technical  conference  in  St, 
Louis,  Missouri, 

Under  paragraph  three  we  feel  that,  with  the  exception  of  seme  sectlonalizers,  the 
most  indicated  need  for  maintenance  on  reclosers  returned  to  our  shop  has  been 
directly  proportional  to  fault  duty,  Reclosers  coming  in  with  from  60  to  100 
oi)erations  show  considerable  accumulation  of  carbon  and  contact  burning.  Occasion¬ 
ally  reclosers  with  less  than  50  operations  show  the  same  signs,  presumably  from 


fault  duties  at  or  near  their  ratings.  We  have  found  some  few  cases  where  sediment 
has  prevented  closure  of  the  hall  type  valves.  This  has  caused  timing  errors  and 
has  resulted  in  a  variation  in  the  number  of  reclosiares  to  lock  out.  Moisture  has 
not  been  a  pTOblem  in  the  hydraulic  type  except  in  some  sectionalizers.  We  do  not 
believe  that  the  period  between  maintenance  should  be  increased. 

We  agree  that  oil  shoiild  be  checked  for  dielectric  breakdown  before  being  used.  In 
the  shop  we  have  relied  on  making  a  high  potential  test  (25  kv  for  1^  kv  reclosers) 
to  determine  condition  of  the  insulation.  We  have  not  made  any  field  tests  with  D, 
C.  Some  power  factor  tests  have  been  made  with  the  Doble  Equipment  but  we  do  not 
make  a  practice  of  this. 

Under  paragraph  6  we  have  not  yet  found  a  need  for  the  drying  oven  in  the  shop.  We 
do  have  facilities  at  other  system  locations  for  such  drying  if  found  necessary. 

With  regard  to  checking  the  operating  times  of  reclosers,  some  of  the  cases  \inder 
the  item  ’'Timing  Off"  were  found  with  the  mechanical  type  timer.  They,  of  course, 
were  easily  reset.  Some  of  the  hydraulic  type  reclosers  are  not  capable  of  being 
adjusted  for  time  errors.  For  that  reason  we  held  this  type  to  rather  close  toler¬ 
ance  so  that  any  wear  in  service  would  not  place  them  outside  of  our  timing 
schedule  too  soon. 

We  believe  that  we  have  had  fewer  timing  troubles  with  new  reclosers  by  holding  our 
tolerances  fairly  close. 

In  paragraph  9  ve  assume  that  Mr.  Crann  is  talking  about  mechanical  timers.  If 
they  are  found  off  they  can  be  easily  reset.  As  mentioned  above  some  hydraulic 
types  are  not  readily  adjustable.  They  should  not  change  except  by  wearing  of  the 
parts  or  by  fouled  valves. 

Our  recloser  test  equipment  is  supplied  from  a  fairly  heavy  480  volt  source  through 
a  25  kva  buffer  transformer  to  a  120/208  grounded  wye  system.  A  single  phase  load¬ 
ing  transfomner  is  used  to  supply  simulated  fault  currents  at  voltages  from  2k  to 
96  volts. 

This  transformer  has  2  115v.  winding  (each  2  ^’s  in  paiallel)  which  may  be  con¬ 
nected  in  series  or  parallel.  For  some  tests  208  volts  is  applied  to  the  115v. 
coils  in  parallel. 

The  low  voltage  consists  of  4  separate  windings  (each  l/o  copper)  rated  at  24  volts. 
These  can  be  connected  in  parallel,  series -parallel  or  series  to  give  several  test 
voltages. 

Our  test  setup  is  capable  of  supplying  2000  an^jeres  to  a  280a.  recloser.  This  is 
3.6  X  pickup  and  will  cause  the  recloser  to  operate  about  midway  down  the  time 
curve.  While  we  are  not  able  to  test  at  full  interrupting  capacity  we  feel  we  are 
providing  adequate  checks  for  correct  operation.  Our  field  experience  backs  this 
up,  Snia.l].  reclosers  can  be  checked  at  currents  nearer  their  high  current  capacity. 

We  use  a  shop  built  control  center  to  control  the  testing  of  the  reclosers,  A 
remote  control  contactor  energizes  the  loading  transformer  primary  to  start  a  test 
cycle.  Lock  out  of  the  recloser  stops  the  test.  Open  and  close  times  are  indi¬ 
cated  by  a  weld  timer  which  counts  the  cycles  of  simulated  fault  current  applied 
to  the  reclosers. 
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For  mechanical  clock  type  reclosers  such  as  the  R  &  IE  MB  series  a  contactor 
shiinted  hy  capacitors  is  used  to  maintain  power  on  the  operating  coil  for  a  suffi¬ 
cient  time  to  simulate  the  arcing  time  at  normal  operating  voltages.  This  elimi¬ 
nates  the  need  for  dismantling  the  contact  assembly. 

A  diagram  of  our  test  set  up  is  attached. 
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TRANSMISSION  LINE  MAINTENANCE 


Discussion  and  Authors*  Closure  of  Paper 
By  George  W.  Couch  and  M.  G.  Cox 


John  G.  Hieber  (REA  Engineer,  Washington,  D.  C.):  The  Authors  have  made  an  excel- 
lent  presentation  and  are  in  substantial  agreement  with  many  others  concerning  the 
essential  nature  of  maintenance.  There  are  several  points  I  would  like  to  mention. 

The  maintenance  problems  of  REA  borrowers  differ  from  that  of  many  others  mainly  in 
density  of  loads  per  unit  of  area.  While  their  service  standards  are  high,  the 
revenue  available  for  maintenance  is  often  less. 

Why  preventive  maintenance?  Because  it  permits  planned  work  under  ideal  conditions 
at  a  convenient  time.  It  should  reduce  hazards  to  both  employees  and  the  general 
public.  By  reducing  outages,  more  revenue  is  available  from  energy  sales  and  pub¬ 
lic  relations  are  improved.  After  a  new  line  has  been  completed  and  before  the 
line  is  energized  for  service,  a  complete  climbing  Inspection  should  be  made  by  the 
borrower's  operating  department  to  make  sure  that  everything  is  in  good  operating 
condition. 

Is  one  pilot  able  to  fly  the  plane  and  inspect  the  line?  borne  reports  Indicate 
that  a  pilot  and  observer  are  used. 

Reported  costs  per  mile  of  patrolling  a  line  are: 


$  .46  to  $  .60 

$1.28 

$1.93  to  $2.75 


1.  Air  patrol 

2.  Jeep 

3 .  Foot 


Reports  indicate  that  the  air  patrol  can  see  some  items  at  the  top  of  the  structure 
which  cannot  be  seen  from  the  ground  while  ground  patrolmen  can  inspect  the  base  of 
structures  better. 

Some  other  methods  of  right-of-way  clearing  are  bulldozers,  power  driven  saws  and 
water  weighted  rollers  with  attached  knives. 

One  utility  reports  the  use  of  spirolum  whirlers  to  scare  woodpeckers  away  from 
poles . 

Table  1  which  lists  some  causes  of  line  outages  may  be  helpful  in  making  improve¬ 
ments  in  system  operation  and  maintenance. 

Lightning  caused  69.5  percent  of  the  outages.  This  indicated  that  proper  mainte¬ 
nance  of  the  overhead  ground  wire  can  be  helpful.  Unknown  outages  of  6.24  percent 
shows  need  of  trained  observers,  measuring  instruments,  and  proper  records.  Line 
or  equipment  failure  of  6.O6  percent  is  rel&ted  very  closely  to  maintenance  and 
causes  most  of  the  permanent  outages.  Any  reduction  in  maintenance  would  make  this 
type  of  outage  much  higher. 

Natural  phenomena  other  than  lightning  accounts  for  6.76  percent  of  the  outages. 
Preservation  of  line  design  strength  is  important  in  keeping  such  outages  low. 
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Table  2  Indicates  that  approximately  60  percent  of  the  faults  are  line  to  ground. 
Good  line  to  ground  relaying  is  desirable  to  prevent  more  severe  types  of  faults. 

Table  3  indicates  that  approximately  90  percent  of  the  faults  are  of  the  temporary 
type.  Prompt  reclosing  of  breakers  either  automatically  or  by  operators  will  keep 
outage  time  at  a  minimum. 

.  Table  4  shows  estimated  annual  operation,  maintenance  and  replacement  costs  for 
lines.  This  information  is  often  used  in  new  power  cost  studies  where  more  accu¬ 
rate  data  is  lacking. 


TABLE  1 

LINE  OUTAGES  100-125  KV  CLASS 
(AIEE  technical  paper  52-6) 


PERCENT 

NUMBER 

OF  TOTAL 

NATUEAL  PHENOMENA 

69.50 

1. 

Lightning 

11,511 

2. 

Earthquake,  fire,  flood 

53 

.32 

3. 

Wind,  tornado 

363 

2.19 

4. 

Sleet,  ice 

332 

2.00 

5. 

Dirt,  fog,  gases 

122 

.74 

6 . 

Galloping  conductor 

251 

1.51 

SYSTEM  DESIGN 

1. 

Switching  surges 

123 

.74 

2. 

Dynamic  overvoltages 

11 

.06 

3. 

Undesired  relaying 

634 

3.82 

4. 

Instability  (static) 

10 

.06 

5. 

Instability  (transient) 

168 

1.01 

6. 

Instability  (loss  of  generator) 

7 

.04 

HUMAN  CAUSES 

1. 

Gunf i r e ,  sab  ot age 

31 

.18 

2. 

Personnel  error 

291 

1.75 

LINE  OR  EQUIPMENT  FAILURE 

1. 

Protector  tube  failure 

32 

.19 

2. 

Terminal  equipment  failure 

538 

3.24 

3. 

Underground  cable  failure 

l4 

.08 

4. 

Mech.  failure  structure 

53 

.32 

5. 

Mech.  failure  conductor 

l44 

.87 

6. 

Mech.  failure  insulator 

183 

1.10 

7. 

Mech.  failure  static  wire 

44 

.26 

FOREIGN  OBJECTS 

56 

.34 

1. 

Airplanes 

2. 

land  vehicles 

77 

.46 

3. 

Kites 

5 

.03 

4. 

Birds 

70 

.42 

5. 

Animals 

3 

.02 
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TABLE  1  -  CONTINUED 


PERCENT 


NUMBER 

OF  TOTAL 

6,  Trees 

123 

.74 

7.  Miscellaneous 

47 

.28 

8.  Unclassified 

96 

.58 

OTHER 

1,  Miscellaneous 

151 

.91 

2 .  Unknown 

1,036 

6.24 

Total 

16,579 

100 

TABLE  2 

(AIEE  TECHNICAL  PAPER  52-6) 
TYPE  FAULT 


NUMBER 


PERCENT 


1.  L-G  (Line -ground) 

9,750 

58.9 

2.  L-L 

1,315 

7.9 

3.  LL-G 

1,797 

10.8 

4.  LLL 

536 

3.2 

5.  LLL-G 

871 

5.2 

6 .  Unknown 

1,637 

9.9 

7 .  None 

531 

3.2 

8.  Overload  tripping 

l42 

.9 

Total 


16,579 


100.0 


TABLE  3 

(AIEE  TECHNICAL  PAPER  52-6) 
TYPE  OUTAGE 


NUMBER 

PER  100 

MILES  PER  YEAR 

PERCENT 

1. 

Temporary 

15,030 

12.33 

90.6 

2. 

Permanent 

1,307 

1.07 

7.9 

3. 

Not  reported 

242 

.20 

1.5 

Total 

16,579 

13.60 

100.0 
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TA.BLE  4 

ESTIMA.TED  ANNUAL  EXPENSE 
PER  MILE  FOR  WOOD  TRANSMISSION 


LINES.  REA  DATA. 

OPERATION 

LINE  KV 

&  MAINTENANCE 

REPIACEMENT 

3^.5 

I32: 

46. 

69. 

34. 

69. 

80. 

146. 

115. 

90. 

60. 

138. 

110. 

76. 

161. 

i4o. 

97. 

G,  W.  Couch  and  M.  G.  Coxt  Mr.  Hieber's  discussion  of  our  paper  is  interesting  and 
well  prepared.  We  are  happy  to  say  we  are  in  agreement  on  the  points  discussed. 

Concerning  a  pilot’s  ability  to  fly  and  inspect  transmission  lines,  our  experience 
indicates  that  small,  fixed-wing  planes  with  low  landing  and  flying  speeds  are 
safer,  more  economical  and  suitable  for  transmission  line  patrol  than  the  higher 
speed  heavier  planes.  Due  to  the  load  limitations  of  lighter  planes  and  maneuver¬ 
ability  requirements,  our  pilot  considers  flying  and  inspecting  alone  to  be  safer. 

We  have  compared  the  results  of  flying  with  or  without  an  observer  and  have  con¬ 
cluded  that  an  experience  pilot,  trained  in  line  patrol,  can  do  a  safe  and  satis¬ 
factory  job  of  flying  and  inspecting  high  voltage  transmission  lines  in  our  operat¬ 
ing  area. 

We  have  tried  to  show  how  some  of  our  transmission  maintenance  and  operating  prob¬ 
lems  are  met  at  Union  Electric  Company  of  Missouri,  however,  we  appreciate  that 
maintenance  and  operating  practices  vary  with  conditions,  requirements  and  location. 
We  hope  that  by  relating  our  experiences,  we  have  stimulated  thinking  that  will 
help  in  dealing  with  some  of  your  maintenance  and  operating  problems. 

We  wish  to  express  our  thanks  and  appreciation  for  your  discussion  and  interest 
accorded  our  paper. 
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LOAD  DISPATCHING  IN  UNION  ELECTRIC  SYSTEM 


Discussion  and  Authors’  Closure  of  Paper 
by  J.  K.  Bryan,  J.  F.  McLaughlin  and  L,  A,  Mollman 


W.  E.  Rushlov  (REA  Engineer,  Washington,  D,  C.);  The  Union  Electric  System  has  a 
generating  capacity  of  about  1,600,000  kw  in  nine  plants,  which  if  run  at  a  100^ 
load  factor  could  produce  9^^  of  all  the  kwh's  purchased  by  all  of  the  REA  bor¬ 
rowers  during  the  fiscal  year  ending  June  195^*  REA's  largest  generating  borrower, 
the  Dairyland  Power  Cooperative,  has  an  installed  nameplate  capacity  of  about 
136,000  kw,  also  in  nine  plants.  These  plants  consist  of  run -of -the  river  hydro, 
storage  hydro,  oil  biirning  internal  combustion,  gas  burning  internal  combustion  and 
coal  fired  steam  plants.  The  machine  sizes  range  from  200  kw  hydro  units  to  30^000 
kw  steam  units  with  a  50,000  kw  steam  unit  presently  being  installed.  This  bor¬ 
rower  has  over  2100  miles  of  transmission  line  in  voltages  up  to  161  kv.  At  the 
other  extreme  our  smallest,  coir5)letely  self-contained  generating  borrower  has  2-100 
kw  oil  burning  internal  combustion  engines.  At  the  present  time,  there  are  only 
about  seven  percent  of  the  REA  borrowers  having  steam  plants  which  are  not  inter¬ 
connected  with  another  source  of  supply  and  these  are  ej^pected  to  be  interconnected 
in  the  near  future.  Tie  line  loading,  economic  loading  of  units  and  plants,  auto¬ 
matic  load  control  and  the  various  types  of  communications  apply  in  whole  or  in 
part  to  REA  borrowers.  Even  though  the  load  dispatching,  as  described  in  this 
paper,  is  much  larger  in  scope  and  more  complete  in  detail,  the  basic  problems  are 
the  same.  However,  the  bigness  on  one  hand  and  the  smallness  on  the  other  empha¬ 
sizes  certain  problems  for  one  which  might  be  of  minor  importance  to  the  other. 

The  problem  of  allocating  the  load  economically  is  forever  present  when  you  have 
more  capacity  than  what  is  required  to  meet  the  load,  and  therefore  the  economic 
dispatch  of  genei^tion  is  of  particular  interest. 

Some  of  our  borrowers  have  their  thermal  generating  capacity  concentrated  in  a 
small  area,  whereas  for  others  it  is  spread  throughout  a  large  area  and  transmis¬ 
sion  losses  become  an  important  consideDration  in  determining  the  economic  cost  of 
delivered  power.  To  what  extent  the  cost  of  transmission  losses  are  considered  by 
the  Union  Electric  Dispatchers  and  the  Betterment  Group  would  be  of  interest. 

The  use  of  hydro  plants  in  conjunction  with  thermal  generating  plants  produces  some 
interesting  combinations  depending  primarily  on  the  amount  of  water  and  storage 
available.  Figures  ^4-  and  5  show  the  use  of  hydro  as  base  load  and  peaking 
capacity.  In  these  examples,  the  kwh's  contributed  by  the  hydro  plants  in  each  of 
these  cases  were  in  the  ratio  of  about  four  or  five  to  one,  whereas  the  kw  was  in 
the  ratio  of  about  two  to  one.  Other  than  when  there  is  too  much  water  available 
who  determines  whether  the  Osage  hydro  should  produce  kwh's  or  kw's;  are  incre¬ 
mental  costs  assigned  to  hydro  and  how  are  they  figured? 

Curve  No,  5  shows  a  peak  of  1,200,000  kw.  The  capacity  figures  of  the  various 
plants  appear  to  be  capability  rather  than  nameplate,  and  although  it  is  difficult 
to  tell  exactly,  it  seems  that  all  the  thermal  plants  are  loaded  to  "three  bells 
and  a  Jingle,"  and  the  spinning  reserve  is  in  the  form  of  stored  water.  This,  of 
course,  is  another  advantage  of  hydro.  Ability  to  store  water  to  be  used  at  any 
particular  time  becomes  even  more  important  to  an  interconnected  system  as  the 
dispatcher  might  find  it  more  -economical  to  buy  off  peak  or  duu^)  thermal  power  in¬ 
stead  <sf  using  his  hydro,  thus  storing  water  to  be  used  on  the  peak  or  to  be  sold 
to  other  members  of  the  interconnection. 
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The  prohlem  of  spinning  reserves  hecomes  serious  and  expensive  to  REA  "borrower  not 
having  interconnections,  where  a  big  percentage  of  their  total  generation  is  con¬ 
centrated  in  a  small  number  of  units.  The  rule  of  thumb  or  basic  considerations 
given  by  Union  Electric  Dispatchers  to  spinning  reserve  would  be  of  interest. 

The  night-time  loading  of  the  Cahokia  plant  shown  in  Fig.  4  does  not  appear  obvious, 
particularly  when  it  is  necessary  to  reduce  load  on  Meram.ec  in  order  to  carry  some 
load  on  Venice.  On  rural  systems,  the  night-time  minimum  demand  is  a  much  smaller 
percentage  of  the  peak  demand  than  that  shown  in  Figs.  4  and  5  and  how  to  meet  the 
night-time  load  considering  spinning  reserve,  economic  loading  of  units,  cost  of 
starting  and  stopping  steam  units  and  associated  maintenance  becomes  a  major  pro¬ 
blem.  The  factors  influencing  the  keeping  of  Cahokia  operating  at  minimum  load 
would  also  be  of  interest. 

One  of  the  most  difficult  things  for  the  operators  in  the  smaller  plants  to  under¬ 
stand  is  that  the  overall  cost  may  be  less  if  more  load  is  carried  on  a  unit  having 
a  greater  monthly  average  cost  and  less  load  carried  for  a  unit  having  a  smaller 
monthly  average  cost.  This  comes  about  because  incremental  loading  takes  into  con¬ 
sideration  what  it  costs  for  the  little  piece  being  added  and  frequently  it  costs 
less  to  add  a  kwh  on  a  high  cost  unit  than  it  does  on  a  low  cost  unit.  Incremental 
rates  are  affected  by  whether  the  overall  average  of  the  unit  is  increasing  or  de¬ 
creasing  with  the  next  increment  and  what  has  happened  beforehand.  Time  does  not 
allow  a  lengthy  discussion,  but  a  somewhat  similar  comparison  could  be  made  in 
bowling.  Assume  two  bowlers:  one  with  a  15O  average  for  three  games  and  the  other 
with  a  l4o  average  for  20  games.  If  each  bowler  wishes  to  increase  his  average  one 
pin  in  the  next  game,  the  I50  bowler  must  roll  154,  whereas  the  l4o  bowler  must 
roll  161.  You  might  say  the  I50  bowler  has  in  incremental  rate  of  154,  and  the  l40 
bowler  an  incremental  rate  of  I6I. 

Figure  3  on  incremental  loading  of  units  shows  the  most  economical  method  of  load¬ 
ing  is  to  partially  load  a  machine  to  a  point  and  to  change  from  one  machine  to 
another,  depending  on  the  particular  incremental  heat  rate  curve  for  each  machine. 
The  curves  in  Fig.  3  could  also  apply  to  plant  output.  This  would  indicate  that 
individual  plants  are  loaded  by  taking  increments  from  one  plant,  then  another,  and 
switching  back  and  forth  depending  on  the  plant  incremental  heat  rate  curves.  Figs. 
4  and  5  give  the  impression  that  the  lowest  cost  plant  is  loaded  to  its  maximum 
capability  first,  then  the  next  lowest  to  its  maximum  capability,  etc. 

The  statement  by  the  authors  that:  "It  is  expected  that  system  peaks  will  continue 
to  occur  in  the  summer  due  to  steadily  increasing  acceptance  of  summer  air  condi¬ 
tioning.  Only  a  major  change  in  the  use  of  electric  power  can  change  this  trend," 
should  be  of  more  than  passing  interest  to  most  of  the  conferees.  I  believe  at  the 
present  time,  for  other  than  irrigation  loads,  this  is  not  typical  of  rural  areas. 
Although  some  of  the  cooperatives  in  the  neighborhood  of  St.  Louis  do  have  their 
maximum  peak  at  noon  during  the  simmer,  the  highest  peak  still  occurs  at  night  dur¬ 
ing  the  winter  months.  This  may  be  a  prophesy  of  things  to  come  on  rural  areas  and 
any  details  or  use  statistics  may  be  of  considerable  interest  to  the  Power  Use 
people . 

The  authors  are  to  be  congratulated  in  the  treatment  of  a  complex  and  specialized 
subject  in  such  a  broad  and  fundamental  maruier.  Such  a  presentation  must  neces¬ 
sarily  deal  with  the  highli^ts  of  the  subject  only,  and  this  discussion  was  in¬ 
tended  to  bring  out  the  areas  of  similar  or  opposite  problems  with  a  view  towards 
provoking  further  discussion. 
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L.  A.  Mollman:  Union  Electric  does  not  now  include  transmission  line  losses  in 
determining  the  economic  loading  of  plants.  All  steam  plants  are  located  adjacent 
to  the  Metropolitan  St.  Louis  area  -  the  load  center.  The  two  hydro  plants  are  at 
some  distance  from  St.  Louis,  hut  due  to  area  loads  in  their  vicinity  and  due  to 
hydro  availability  line  losses  are  not  Involved  in  their  operation. 

The  Keokuk  Plant  is  a  run-of -river  plant  and,  therefore,  its  use  is  based  on  the 
flow.  The  Osage  Plant  is  a  storage  plant.  Capacity  and  energy  rule  curves  have 
been  produced  for  this  plant.  The  capacity  rule  curve  (higher  pond  elevation)  is 
followed  when  the  system  is  in  a  tight  capacity  situation  such  as  just  before  a  new 
steam  unit  and  the  energy  rule  curve  (lower  pond  level)  is  followed  when  there  is 
plenty  of  steam  capacity.  System  conditions  are  examined  and  which  rule  curve  to 
follow  is  the  result  of  their  studies. 

The  Illinols-Missouri  Pool  maintains  spinning  reserve  sufficient  to  reserve  the 
largest  unit  operating  in  the  pool.  Each  of  the  three  companies  is  responsible  for 
a  share  of  this  equal  to  their  share  of  the  pool  load. 

The  nighttime  load  of  Cahokia  Plant  is  based  on  the  anticipated  next  day’s  load. 
Because  of  boiler  plant  operating  limitations  best  overall  operation  results  if  the 
nighttime  load  is  eq\ial  to  about  one-fourth  of  the  anticipated  requirements  at  9:00 
AM. 

The  comments  relative  to  incremental  loading  of  plants  is  correct.  The  incremental 
cost  sheet  shows  bands  of  plant  capacity  as  they  occur  in  cost  sequence.  The  result 
is,  as  stated,  one  band  of  capacity  at  a  plant  may  fit  between  two  bands  at  another 
plant.  Figures  4  and  5^  for  reasons  of  simplification,  do  not  show  each  band. 
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Presented  at  the  195^  Technical  Conference  for 
REIA.  Field  Engineers,  Saint  Louis  Missouri 
January  l6-20,  1956 


^^a^S^EPARTMEN^^GRI|CUlTUR|^J 

^URA^IECTRIFICATIONADMINI^TRATIW  1 


ABOUT  THE  CONFERENCE  . The  purpose  of  the  Annual 

Conference  for  REA  Field  Engineers  is  to  provide  a  forum 
for  the  discussion  of  engineering  matters  concerned  with 
rural  electric  systems.  The  objective  is  to  make  avail¬ 
able  to  field  engineers  an  opportunity  to  share  "/iews  and 
experience  with  other  engineers  who  have  developed  a  high 
degree  of  experience  and  specialization  in  specific  fields. 
Likewise,  the  objective  is  to  provide  the  specialist  engi¬ 
neer  with  an  opportunity  to  share  his  views  with  those  who 
are  facing  the  practical  daily  engineering  problems. 

To  assure  freedom  for  the  development  of  ideas  which  may 
serve  to  improve  the  engineering  of  rural  electric  systems, 
the  authors  of  papers  and  discussions  have  been  encouraged 
to  explore  new  ideas  and  new  techniques  and  to  prepare 
papers  which  reflect  their  own  engineering  judgment  and 
experience.  Such  an  approach  may  develop  ideas  which  devi¬ 
ate  from  industry  practices  and  REA  policies  and  procedures 
presently  in  effect.  It  should  be  recognized,  however, 
that  REA  policies  and  procedures  as  set  forth  in  REA  bulle¬ 
tins  are  still  applicable  unless  changed  in  the  light  of 
the  ideas  and  experience  which  may  result  from  such  papers 
or  discussions. 


R.  G.  Zook 

Assistant  Administrator 


SYSTEM  IMPROVEMENT  PLANNING 


Discussion  and  Author's  Closure  of  Paper  hy  W.  J.  Hauck 


J«  B.  Davis,  G.  F.  Moon  and  E.  D.  Tatum  (REA  Engineers):  The  foregoing  paper  hy  Mr. 
W.  J.  Hauck  on  System  Iirprovement  Planning  advocates  that  system  studies  shoiild  in¬ 
clude  a  rough  estimate  of  the  saturated  system  and  that  the  estimate  should  he  based 
on  an  average  usage  figure  of  at  least  3^000  kwh  per  famii  and  non-farm  members  ex¬ 
clusive  of  large  power  consumers.  The  purpose  of  this  discussion  is  to  emphasize 
the  following: 

1.  Whether  or  not  3^000  kwh  or  some  lesser  estimate  is  selected  for  the 
saturated  system,  advance  planning  is  workable  from  a  practical  stand¬ 
point.  Expensive  alterations  to  an  existing  system  will, not  neces¬ 
sarily  be  involved.  It  will  not  necessitate  a  maze  of  recommendations 
and  counter  recommendations  by  the  system  study  engineer. 

2.  If  sub -transmission  voltage  and  conductors  of  greater  capacities  than 
No.  2  copper  are  not  desired,  it  is  not  necessary  to  plan  toward  their 
use . 

3.  The  planning  for  the  saturated  system  need  not  be  a  rough  study.  It 
could  be  made  an  integral  part  of  the  system  study. 

4.  The  advance  planning  will  not  necessarily  be  dangerous  in  the  hands 
of  an  unwise  manager. 

5.  System  studies  based  on  saturation  levels  should  also  include  prelimi¬ 
nary  studies  of  the  borrower’s  retail  rate  structure  at  several  of  the 
usage  levels. 

In  view  of  the  fact  that  we  presently  think  in  terms  of  500,  600,  700  or  800  kwh 
averages  for  the  ultimate  in  system  studies,  it  is  possible  that  to  advocate  at  this 
time  a  3^000  kwh  system  study  the  plan  might  at  first  glance  be  viewed  with  alarm. 

At  least  the  plan  might  meet  considerable  opposition  or  open  skepticism  as  to  its 
workability. 

To  envision  usages  of  3^000  kwh  per  member  per  month  requires  considerable  fore¬ 
sight.  However,  a  considerable  amount  of  foresight  would  have  been  required  in  the 
early  days  of  P{EA  to  see  the  present  attainment  of  usages  of  500  and  600  kwh  for  a 
considerable  number  of  our  systems.  Prior  to  the  formation  of  the  Rural  Electrifi¬ 
cation  Administration  the  entire  electric  industry  did  not  have  the  foresight  to 
envision  rural  electrification  as  a  profitable  business  venture. 

It  is  agreed  that  a  system  with  an  advance  plan  for  saturated  usage  may  never  reach 
its  goal.  However,  if  a  system  cannot  achieve  the  averages  set  by  the  advance  plan, 
the  recommendations  of  the  plan  beyond  the  applicable  usage  level  will  simply  lie 
dormant.  It  might  be  said  that  in  such  cases  a  part  of  the  costs  of  the  advance 
plan  have  been  wasted.  But  planning  costs  are  small.  Meanwhile,  if  the  advance 
plan  has  precluded  the  installation  of  one  mile  of  line  which  may  not  later  fit 
into  the  patte-m  of  the  system,  the  cost  of  the  entire  system  study  will  in  effect 
be  recovered. 


In  the  Interest  of  producing  concrete  evidence  to  form  the  basis  for  the  statements 
included  in  Items  1  and  2  above,  Exhibits  A,  B,  C  and  D  show  a  portion  of  an  imagi¬ 
nary  system  with  recommendations  to  carry  it  through  a  3^000  kwh  level.  It  is  ex¬ 
pected  that  these  exhibits  will  tend  to  bring  the  matter  of  studies  for  saturated 
systems  through  its  nebulous  stage  into  actuality.  It  will  be  noted  that  the 
assimied  portion  of  the  system  is  probably  typical  in  that  it  is  7«2/l2.5  kv,  its 
farthest  point  on  the  line  is  29  miles  from  the  source  and  most  of  the  line  is  of 
No.  6  copper  conductivity.  However,  it  is  probably  not  typical  with  respect  to  the 
number  of  members  along  the  lines.  The  density  has  been  increased  to  approximately 
five  per  mile  so  we  will  not  have  assumed  an  easy  situation.  In  keeping  with  the 
knowledge  that  the  conversion  of  existing  systems  to  sub -transmission  voltages  is  a 
costly  operation,  no  advantage  has  been  taken  of  the  capabilities  of  14.4/24.9  kv 
lines.  The  system  remains  at  7*2/12.5  kv  through  its  saturated  stage  of  planning. 
Exhibit  A  indicates  that  only  two  recommendations  are  necessary  to  bring  the  system 
from  300  kwh  to  an  approximate  1,000  kwh  level  of  consumption.  These  are  the  in¬ 
stallation  of  voltage  regulators  at  Point  C  and  the  conversion  of  four  miles  of 
line  from  I  to  K.  Exhibit  B  indicates  that  for  the  saturated  system  at  an  average 
usage  level  of  3^000  kwh  per  month,  a  new  source  must  be  obtained  at  or  near  Point 
E  and  that  9  miles  of  conductors  from  Point  E  to  I  must  be  changed  from  No.  6 
copper  to  No.  2  copper  conductivity.  Exhibits  C  and  D  are  the  voltage  drop  calcula¬ 
tions  to  accompany  Exhibits  A  and  B. 

The  advance  planning  recommendations  are  simple  and  would  be  in  strict  keeping  with 
the  balance  of  the  recommendations  made  in  the  system  study,  The  costs  for  the  ad¬ 
vance  planning  are  negligible.  The  costs  of  the  recommended  improvements  are  not 
prohibitive.  In  some  cases  the  new  source  may  simply  be  a  matter  for  negotiation 
with  the  power  supplier. 

Assume  that  Exhibit  A  represents  a  portion  of  a  system  on  which  a  study  has  been 
made  based  on  an  ultimate  ( 10-year)  level  of  average  usage  of  700  kwh  per  member  per 
month.  Further  assume  that  we  have  discounted  the  value  of  advance  planning  beyond 
the  10-year  period  and  are  holding  to  present  policy  of  economical  design  for  the 
estimated  10-year  level.  The  voltage  regulators  at  Point  C  would  not  be  specified. 
Instead  the  cooperative  would  justifiably  convert  the  line  from  A  to  B  to  l/O  con¬ 
ductivity  and  the  line  from  B  to  C  to  No.  2  conductivity  in  order  to  hold  to  an 
approximate  seven  percent  voltage  drop  for  the  ultimate  system  at  Point  K.  Exhibit 
C  illustrates  that  the  solution  is  in  direct  opposition  to  the  true  needs  for  this 
portion  of  the  system  over  its  approximate  30-year  life. 

In  connection  with  the  preparation  of  estimates  for  the  2,  5  an^  10-year  kwh  levels 
that  an  individual  system  is  expected  to  achieve, REA  presently  takes  into  considera¬ 
tion  the  past  history  of  the  system  with  respect  to  its  usage  trends,  the  various 
types  of  loads,  competition  by  natural  and  manufactured  gases,  the  general  economic 
conditions  of  the  area  and  the  dilution  of  the  over-all  kwh  average  caused  by  the 
number  of  new  members  expected  to  be  added  to  the  system.  The  completed  estimates 
are  forwarded  to  the  cooperative  for  the  consideration  of  its  board  of  directors. 

The  board  is  Invited  to  submit  its  own  estimates  for  REA's  further  consideration  in 
the  event  the  recommended  estimates  do  not  appear  reasonable  to  the  board.  Under 
such  procedure  the  responsibility  for  the  final  selection  of  the  ultimate  level 
rests  with  the  board  of  directors  of  the  individual  cooperative.  The  procedure  is 
good.  It  is  believed  that  it  should  continue  and  it  is  believed  that  more  realistic 
estimates  at  saturation  levels  can  be  obtained  for  each  system  in  the  same  manner 
rather  than  the  use  of  an  arbitrary  kwh  figure  for  all  systems.  Whether  or  not  this 
will  constitute  a  compromise  at  some  saturation  level  below  3>000  kwh  does  not  appear 
to  be  as  important  as  the  individ'ual  consideration  given  to  each  system. 
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Owing  to  the  wide  range  of  needs  and  because  of  the  individual  personalities  of  the 
managers  and  the  boards  of  directors  for  EEA  borrowers,  it  is  difficult  to  formiilate 
policy  or  procedure  which  will  fit  the  needs  of  all  borrowers.  However,  it  is  be¬ 
lieved  that  a  majority  of  EEA  borrowers  will  not  object  to  retaining  the  same  system 
study  engineer  over  a  period  of  years.  Therefore,  it  appears  that  engineering  ser¬ 
vice  contracts  for  system  studies  which  include  plans  for  a  saturated  system  could 
provide  for  an  annual  review  of  the  study  during  which  time  the  construction  program 
for  the  next  12  months  could  be  planned. 

Because  of  the  sliding  scale  on  which  the  retail  rate  structures  for  most  EEA 
systems  are  based,  it  is  reasonable  to  assume  that  for  a  saturated  system  most  of 
the  usage  will  be  at  the  lowest  energy  rate  specified  by  the  cooperative.  This  may 
not  represent  an  adequate  return  on  the  owner's  investment.  It  is  not  a  situation 
which  would  be  undetected  over  a  period  of  years.  However,  it  is^a  situation  for 
which  preparations  should  be  made.  Therefore,  it  is  believed  that  system  studies 
which  include  plans  for  a  saturated  system  should  also  include  sufficient  prelimi¬ 
nary  rate  studies  to  show  at  various  kwh  levels  whether  or  not  a  revision  in  the 
retail  rate  structure  is  necessary. 

System  improvement  planning  on  the  basis  of  a  saturated  system  is  practical.  How¬ 
ever,  it  is  believed  that  more  realistic  estimates  for  the  saturated  system  can  be 
obtained  through  REA's  present  method  of  estimating  rather  than  the  selection  of  a 
minimum  kwh  level  for  all  systems.  All  new  system  studies  should  include  a  plan 
for  the  saturated  system.  The  engineering  service  contracts  for  system  studies 
should  include  the  provision  that  the  engineer  review  the  study  each  year  with  the 
owner  and  aid  in  the  construction  plan  for  the  next  12  months.  The  system  study 
should  contain  preliminary  rate  studies  at  various  levels  of  usage  in  sufficient 
detail  to  determine  whether  the  cooperative  will  receive  an  adeqmte  return  on  its 
investment. 
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Harry  R .  Smith  (REA  Engineer):  I  wish  to  congratulate  Mr.  Hauck  on  his  excellent 
paper  and  presentation.  He  has  very  effectively  emphasized  that  system  planning 
should  look  further  than  10  years  into  the  future.  He  has  also  pointed  out  the 
necessity  of  long  range  plans  "being  kept  up-to-date,  and  that  planning  for  actual 
construction  should  not  he  too  far  in  advance  of  the  loads. 

There  has  been  considerable  thought  for  some  time  in  REA  that  each  borrower  should 
have  long  range  plans  that  provide  for  more  than  10  years  load  growth.  The  loans 
are  for  35  years  and  the  normal  life  expectancy  of  the  materials  and  equipment  used 
in  the  construction  of  a  rural  power  system  is  considerably  greater  than  10  years. 
Good  planning  should  assure  a  minimum  of  obsolescence  necessitated  by  the  removal 
of  plant  before  it  has  seen  effective  service  life. 

From  discussions  with  others  interested  in  system  planning  and  recent  technical 
papers  on  this  subject,  it  appears  that  long  range  plans  should  provide  for  loads 
that  are  expected  to  develop  within  the  next  20  to  30  years.  Also  on  the  basis  of 
these  discussions  it  appears  that  planning  should  be  primarily  for  the  benefits  that 
will  result  from  good  planning,  and  that  the  use  of  data  from  long  range  plans  in 
support  of  loan  applications  should  be  of  secondary  importance.  Plans  made  pri¬ 
marily  to  support  a  loan  may  not  be  the  best  from  the  planning  standpoint,  or  in 
the  borrower's  best  interests  over  a  long  period  of  time. 

The  following  is  a  brief  outline  of  the  long  range  planning  procedure  which  I  be¬ 
lieve  would  provide  for  good  planning  and  woiild  accomplish  most  of  Mr.  Hauck' s 
objectives. 

I.  Long  Range  Planning  Study  And  Report 


(a)  The  borrower  should  furnish  the  engineer  all  relevant  maps,  load  data, 
power  supply  data,  records  pertaining  to  the  operations,  maintenance 
and  design  of  the  present  system  and  any  other  data  which  it  might 
possess  relating  to  the  long  range  planning  services  to  be  performed 
by  the  engineer. 

(b)  The  borrower's  engineer  sho\ild  develop  and  present  an  overall  long 
range  plan  in  his  report  with  alternate  recommendations  where  appro¬ 
priate.  This  report  should  include  a  brief  discussion  of  the  engi¬ 
neer’s  exploratory  plans  and  include  economic  comparisons.  It  shoiild 
also  include  a  discussion  and  recommendation  concerning  continuity  of 
service.  He  should  specify  only  the  major  system  iii5)rovement  items. 

(c)  The  long  range  plans  shoiild  be  on  the  basis  of  multiples  of  existing 
loading. 

(1)  This  will  normally  be  3  to  6  times  existing  loading,  the  actual 
value  should  be  established  by  the  borrower  with  the  recommen¬ 
dations  of  its  engineer  on  the  basis  of  past  trends  and  factors 
that  will  influence  future  growth,  including  power  requirement 
studies  and  field  appraisal  data. 

(2)  The  long  range  loading  should  be  similarly  established  by  areas. 


€ 
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II.  Annual  Revie-w  Of  Long  Range  Plans 


(a)  Each  year  for  a  period  of  5  years  after  the  report  is  approved  by 
the  borrower,  the  engineer  should  be  required  by  his  contract  to 
review  the  long  range  plans  and  make  whatever  revisions  are  neces¬ 
sary. 

(b)  This  should  include  a  review  of  the  basic  data  used  in  the  studies 
and  reports  such  as  loading  and  future  power  sources. 

III.  Annual  Work  Plans 


(a)  During  the  development  of  the  long  range  plans  the  engineer  should 
analyze  conditions  of  the  existing  system  and  develop  immediate 
work  plans  for  improvement  items  that  should  be  installed  the 
following  12  months.  Each  improvement  item  must  be  consistent  with 
the  long  range  plans  but  should  not  be  called  for  prematurely. 

(b)  Each  year  for  a  period  of  5  years  after  the  report  is  approved  by 
the  borrower,  the  engineer  should  be  required  by  his  contract  to 
analyze  the  borrower's  operating  records,  the  results  of  voltage 
and  current  investigations  that  have  been  made  by  the  borrower 
and  other  applicable  data  and  develop  work  plans  for  the  system 
improvement  items  that  should  be  installed  during  the  next  12 
months.  These  work  plans  must  be  consistent  with  the  up-to-date 
long  range  plans,  and  should  specify  only  the  borrower's  realistic 
needs  for  the  immediate  future . 

IV.  System  Irr^)rovement  Budget  In  Support  Of  Loan  Applications 


(a)  Each  Section  ^4-  loan  should  be  supported  by  an  engineering  study 
specifying  the  detailed  system  improvement  items  required  to  enable 
the  system  to  provide  adequate  service  to  the  total  number  of  con¬ 
sumers  with  the  kwh/mo/  consumer  usage  selected  for  the  loan  applica¬ 
tion.  This  system  improvement  budget  must  be  based  on  the  approved 
power  requirement  study  and  must  be  consistent  with  the  borrower's 
long  range  plans. 

(b)  This  engineering  study  will  not  be  a  requirement  nor  a  part  of  the 
long  range  planning  contract  but  will  be  a  separate  \andertaking. 

Mr.  Hauck's  3000  kwh/mo/ consumer  as  the  design  figure  for  the  future  system  plan 
would  not  be  in  conflict  with  the  above  outline  for  most  of  the  systems  in  his 
area.  However,  the  use  of  this  high  figure  for  a  large  n\mber  of  borrowers  that 
are  now  averaging  less  than  200  kwh/member/mo  would  mean  that  the  future  plan  woiild 
provide  for  over  15  times  the  borrower's  existing  loads.  Such  an  extremely  long 
range  plan  may  not  be  practical. 

The  discussions  in  REA  of  the  above  outline  have  not  disclosed  any  strong  objections 
to  such  a  planning  procedure.  Most  questions  have  been  concerned  with  the  suggested 
limits,  such  as  6  times  existing  loading.  These  definitely  deserve  further  con¬ 
sideration  and  study  and  I  believe  satisfactory  answers  can  be  found.  You  can  be 
sure  that  REA  will  make  some  modifications  in  the  present  planning  procedures  that 
will  provide  for  long  range  planning.  In  fact.  Arch  Loetterle,  Roland  Schlie  and  I 
have  been  assigned  the  task  of  developing  a  revised  system  planning  procedure  and 
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the  necessary  contract  form.  Following  this  meeting  we  plan  to  visit  approximately 
seven  engineering  firms  on  our  way  back  to  the  office  to  discuss  this  subject  and 
obtain  ideas,  techniques  and  recommendations  from  these  engineers  that  have  actually 
been  doing  the  planning  work.  Similar  trips  to  a  number  of  other  engineering  firms 
are  also  planned  during  the  next  two  or  three  months . 

In  closing  I'd  like  to  ask  that  each  of  you  send  in  any  recommendations  you  have 
that  would  assist  us  in  preparing  a  better  procedure  or  guidelines  for  long  range 
planning. 


E.  R.  Brown  and  C.  H.  Kimzey  (REA  Power  Requirements  Section):  Loans  were  made 
during  the  first  15  years  of  the  Rural  Electrification  program  on  kwh  estimates 
which  were  intended  to  represent  at  least  the  average  consumption  over  the  life  of 
the  loan.  It  was  considered  necessary  from  a  legal  point  of  view  that  loan  funds 
be  provided  in  any  given  loan  for  system  capacity  at  least  equivalent  to  the  kwh 
levels  on  which  loan  feasibility  was  to  be  based.  This  concept  did  not  permit  any 
very  tangible  determination  regarding  when  such  levels  of  usage  would  be  reached 
nor  indicate  when  facilities  to  provide  more  capacity  would  need  to  be  placed  in 
service.  Further,  this  concept  was  partially  responsible  at  one  time  for  a  back¬ 
log  of  unadvanced  loan  fimds  approximating  $650  million.  Later,  our  procedures 
were  changed  to  require  2,  5^  and  10  year  estimates  and  related  system  planning 
to  the  values  indicated  by  these  estimates  to  correspond  to  the  immediate,  inter¬ 
mediate  and  ultimate  steps  in  system  engineering  studies.  This  change  may  have 
been  an  "over-simplification"  of  the  earlier  approach  and  may  perhaps  be  a  bit 
restrictive  from  a  long-range  planning  point  of  view.  However,  let's  not  recommend 
or  adopt  any  such  inelastic  approach  as  arbitrarily  selecting  3OOO  kwh  per  month 
for  design  purposes.  Rather,  system  expansion  should  always  be  flexible  and 
tailored  to  fit  the  particular  needs  of  the  service  area  under  consideration,  as 
these  needs  may  most  accurately  and  precisely  be  determined. 

The  writer  of  this  paper  concurs  that  system  planning  must  be  of  the  very  highest 
caliber.  In  any  sound  consideration  of  future  capacity  requirements  and  the  eco¬ 
nomics  involved,  it  behooves  us  to  periodically  review  our  methods  and  procedirres 
for  forecasting  loads  and  planning  future  capacity.  Our  experience  and  research 
indicates  that  no  single  mathematical  formula  can  accurately  produce  a  valid  esti¬ 
mate.  Statistical  correlations  have  also  generally  failed  to  produce  a  result  upon 
which  reasonable  men  will  agree.  The  difficulty  with  statistical  correlations  is 
primarily  attributable  to  the  lack  of  precise  measurement  data  for  some  of  the  in¬ 
dependent  variables.  If  such  a  formula  could  be  developed,  it  would  be  through  the 
use  of  a  mass  of  data  computed  as  a  multiple  correlation. 

For  the  purpose  of  discussion,  let  us  examine  kwh  consuii5)tion  on  the  basis  of 
Edison  Electric  Institute's  figures  for  all  farms  east  of  the  100th  meridian.  This 
data  indicates  that  in  I927  (the  first  year  of  available  data)  the  average  kwh  con- 
sunq)tion  was  51-  This  average  monthly  kwh  consiamption  Increased  somewhat  errati¬ 
cally  over  the  period  to  195^  when  the  average  was  270  kwh.  An  increase  of  219  kwh 
in  27  years  or  an  average  increase  of  8.1  kwh  per  month  annually.  At  this  rate  of 
growth,  an  estimate  of  3000  kwh  per  farm  per  month  would  not  be  achieved  in  over 
300  years.  The  highest  average  farm  consumption  attained  by  REA  systems  in  195^ 
was  in  the  State  of  Washington  by  a  system  energized  in  19^1  and  averaging  9^5  kwh 
per  month.  Statistical  analysis  of  the  EEI  data  would  indicate  that  the  average 
kwh  consumption  is  increasing  by  an  increasing  amo\int.  Applying  the  least  sqiiares 
method  of  extrapolation  (yC  =  A  +  BX  +  CX^  ),  these  EEI  data  indicate  an  average  of 
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84o  kwh  per  month  would  he  reached  in  1975-  This  statistical  approach  is  recognized 
only  as  one  tool  and  accepted  as  such  by  professional  people  who  have  the  respon¬ 
sibility  of  forecasting  loads.  A  further  analysis  of  these  data  would  indicate 
various  pecxiliarities  with  differing  treatment  of  the  data.  For  example,  various 
periods  from  1927  to  195^  indicate  sharp  increases  in  kwh  consumption  and  also 
periods  when  these  increases  are  at  a  lesser  degree.  In  computing  the  data,  em¬ 
ploying  different  years  of  origin,  the  results  can  and  may  well  be  at  considerable 
variance . 


Although  statistics  and  mathematics  are  one  tool  used  in  forecasting  future  loads, 
it  is  essential  that  the  analysis  include  a  judgment  factor  obtained  by  weighing 
all  possible  factors  effecting  the  use  of  electricity.  Let  us  examine  again,  the 
proposed  3000  kwh  per  month  per  farm  and  nonfarm  consumer.  This  estimated  kwh 
consuirption  would  constitute  an  expenditure  of  almost  $90  a  month  or  over  $1,000 
a  year  for  electricity  alone.  This  expenditure  for  electrical  energy  wo-uld  be 
extremely  high  as  compared  to  gross  farm  income.  An  expenditure  of  $1,000  a  year 
for  electrical  energy  as  compared  to  a  percentage  of  the  gross  farm  income  for  all 
states  would  be  as  follows: 


^  of  Gross 
Farm  Income 

Less  than  10 
10  -  19 
20  -  39 
ho  -  69 

70  and  over 


No.  of  States 

4 

20 

13 

8 

3 


^0  of  all  States 

8.3 

^4-1.7 

27.1 

16.7 

6.2 


The  field  of  rural  electrification  is  relatively  new  in  our  society  and  we  have 
much  to  learn  about  its  future.  From  a  practical  standpoint  we  must  use  every  tool 
at  our  command  to  make  load  forecasting  as  accurate  as  possible.  We  recognize  that 
technological  developments  in  the  future  could  weigh  heavily  on  future  loads.  Under 
present  conditions  a  saturation  of  present  electrical  appliances  could  be  attained 
in  a  relatively  short  period  of  time.  In  addition  to  a  complete  saturation  of 
electrical  appliances,  house  heating,  particularly  in  areas  of  low  cost  power,  can 
greatly  effect  kwh  usage.  Even  though  we  give  considerable  weight  to  house  heating 
in  the  Bonneville  and  Tennessee  valley  areas  we  must  recognize  that  when  working 
with  averages  not  all  farms  within  these  areas  will  have  complete  house  heating  by 
electricity.  It  appears  reasonable  to  assume  that  houses  with  considerable  age 
would  not  use  electricity  as  the  sole  source  of  heat. 

Our  experience,  studies  and  applied  research  in  the  field  of  rural  electrification 
have  demonstrated  that  many  factors  have  an  inportant  bearing  on  use  of  electricity. 
The  most  important  among  these  are:  level  of  farm  income,  kind  and  size  of  specific 
farm  enterprise,  length  of  time  with  electric  service,  retail  rates,  competitive 
energy  sources,  adequacy  of  electric  service  and  promotional  effort.  It  has  been 
found  that  farm  income,  kind  and  size  of  specific  farm  enterprise  and  length  of 
time  with  electric  service  are  the  principal  factors  accounting  for  the  variation 
in  use  of  electricity  on  farms.  The  variation  in  average  farm  usage  in  different 
areas  may  be  effected  by  other  factors  such  as;  the  cost  of  power,  competition  from 
other  energy  sources  and  type  of  farming. 

Other  research  organizations  also  find  that  income  and  cost  of  power  very  definitely 
affect  the  usage  of  electricity.  It  is  extremely  unrealistic  to  assume  that  the 
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cost  of  electric  energy  is  a  secondary  consideration.  Research  studies  from  many 
sources  prove  quite  conclusively  that  low  retail  rates  have  an  encouraging  influence 
on  usage  levels.  E2q)erience  in  the  TVA  area  certainly  substantiates  these  findings, 
as  does  the  Federal  Power  Commission's  "Typical  Electric  Bills."  In  areas  where 
retail  rates  are  higher,  average  kwh  consuii5)tion  is  more  closely  correlated  with 
income . 

Our  studies  further  indicate  a  correlation  of  electric  energy  use  hy  types  of  farm¬ 
ing.  Dairy  and  poultry  farms  use  more  electricity  than  a  general  type  of  farm. 
Generally  speaking,  the  larger  the  farm  the  more  electricity  it  uses.  The  length 
of  time  a  farm  has  received  central  station  service  is  also  a  significant  factor, 
the  earlier  farms  receiving  central  station  service  start  off  at  a  low  rate  of  con¬ 
sumption  and  gradually  increase  growth  in  later  years.  In  dealing  with  averages 
the  effect  of  dilution  of  new  farms  being  connected  is  significant  over  a  period  of 
years.  The  factors  mentioned  are  only  a  few  of  the  elements  that  affect  kwh  usage. 
No  single  element  in  this  groi^  remains  static  for  a  given  period  of  time.  Even  if 
it  were  possible  to  isolate  any  single  variable,  the  others  would  be  influenced  by 
changes.  Therefore,  it  is  re-emphasized  that  future  loads  can  not  be  forecasted 
strictly  on  a  mathematical  formula. 

Doubtless,  new  applications  of  electricity  are  in  the  offing  but  the  extent  and 
scope  of  such  applications  are  unknown.  Also,  the  rate  of  increase  in  future  usage 
on  known  applications  may  only  be  judged  in  large  degree  by  past  experience.  We 
believe,  and  apparently  the  investor-owned  utilities  agree,  that  the  soundest 
policy  is  to  recognize  technological  changes  as  they  take  place  and  make  adjustments 
when  necessary  to  adequately  serve  the  ever-increasing  electrical  needs  of  American 
farms  and  other  rural  establishments. 


Roland  W.  Schlie  (REA  Engineer):  System  Planning  Includes  a  study  of  historical 
load  data  and  the  projection  of  future  system  loads.  REA  field  engineers  and  area 
office  engineers  review  and  study  numerous  plots  of  historical  and  projected  load 
data.  These  plots  are  normally  included  in  all  system  studies.  Standardization 
of  these  plots  would  facilitate  more  rapid  and  coir5)rehensive  review  and  study. 
Attached  is  a  suggested  form,  the  use  of  which  woiiLd  accomplish  the  desired 
standardization . 
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Howard  R.  Zenier  (Howard  Zenier  and  Associates,  Engineers):  We  have  read  with 
interest  your  treatise  on  System  Improvement  Planning.  You  have  confronted  a  prob¬ 
lem  which  has  faced  all  electric  systems  and  consulting  engineers,  one  which  be¬ 
comes  increasingly  evident  and  important  with  each  passing  year. 

In  the  past  system  planning  has  been  based  to  a  considerable  extent  on  fundamentally 
erroneous  assumptions.  The  major  ones  in  that  category  have  been: 

1.  Gross  underestimates  of  load  growth. 

2.  System  Design  based  on  an  estimated  10  year  period  when 
system  facilities  are  designed  for  35  or  more  years  of 
service . 

3.  Misapplication  of  the  word  "ultimate." 

The  study  you  have  made  points  positively  in  the  direction  we  need  to  go.  Every 
system  should  have  a  distant  horizon  of  load  growth  which  it  deems  achievable  at 
some  time  well  into  the  future.  System  planning  should  then  consider  that  horizon 
as  the  end  product  of  system  growth  rather  than  any  10  year  period.  When  that 
horizon  comes  too  close,  it  is  time  to  re-evaluate  the  system  plans  in  the  light  of 
a  new,  more  distant  horizon. 

Your  analyses  of  energy  consumption  on  a  niomber  of  systems  points  out  what  many  of 
the  system  managements  have  been  saying  frequently  in  the  past  few  years.  Load 
growth  is  following  a  rising  curve  and  there  is  as  yet  no  justification  for  the 
assumption  of  a  leveling-off.  We  feel  that  one  of  R.E.A.*s  most  in^ortant  functions 
should  be  that  of  helping  the  Borrowers  to  grow  with  or  ahead  of  their  loads.  Load 
estimating  based  realistically  upon  the  true  rising  rate  should  be  an  essential  part 
of  R.E.A.'s  assistance  to  its  borrowers. 

By  using  a  suitable  "saturation"  figure  as  the  distant  horizon,  by  realistically 
predicting  the  system  growth,  by  divorcing  overall  system  planning  from  a  time 
schedule  you  are  giving  the  Cons-ulting  Engineer  some  of  the  tools  he  must  use  to 
produce  really  valuable  system  plans. 

We  think  you  are  on  the  right  track  here  and  are  hopeful  that  this  fresh  outlook  on 
long  range  planning  will  be  reflected  in  other  areas  of  relationship  between  R.E.A. 
and  its  borrowers. 


W.  J.  Hauck:  Each  of  the  discussions  confirmed  the  contention  that  system  studies 
should  include  long  range  plans.  The  question  that  was  not  resolved  however  was 
whether  the  saturated  system  should  be  based  on  a  selected  minimum  kwh  level  ( such 
as  3000  kwh  per  month)  or  whether  it  should  be  determined  individually  for  each 
system  from  an  analysis  of  its  current  load  trend. 

This  very  question  was  given  considerable  study  at  the  time  the  paper  was  prepared. 
The  3000  kwh  level  was  chosen  because  of  its  practical  aspects.  There  is  near 
■unanimity  of  agreement  that  the  load  will  continue  to  grow.  It  was  my  further  con¬ 
viction  (based  on  a  review  of  many  meter  acco'unts)  that  where  electric  heating  is 
considered  the  load  will  rise  to  at  least  3000  kwh  per  month.  Now,  when  making 
system  studies  for  loads  beyond  500  kwh  per  month  the  engineer  ■will  generally  be 
faced  with  making  one  of  the  following  choices: 
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1.  whether  to  convert  some  of  the  line  to  l4.4-kv 

2.  whether  to  go  to  suhtransmission 

3.  where  to  locate  new  substations  or  power  supply  points. 

When  applied  to  actual  studies  it  was  found  that  an  ultimate  load  of  2000  kwh,  for 
exan^jle,  dictated  a  selection  of  one  of  the  above  that  was  not  compatible  with  the 
layout  required  to  serve  the  load  when  it  grows  to  3000  kwh.  Further  study  showed 
that  the  necessary  revisions  would  be  very  costly.  By  planning  for  at  least  3000 
kwh  such  costly  revisions  are  avoided.  On  the  other  hand,  actual  studies  made  so 
far  indicate  that  intermediate  steps  are  no  more  costly  when  plahning  for  3000  kwh 
than  when  planning  for  some  lower  usage. 

There  is  no  harm  in  knowing  what  to  do  should  the  load  reach  3000  kwh,  even  though 
some  may  argue  it  will  never  happen.  The  purpose  of  advance  planning  is  to  save 
money  and  supply  satisfactory  service.  As  stated  by  Messrs.  Davis,  Moon  and  Tatum, 
"if  a  system  cannot  achieve  the  averages  set  by  the  advance  plan,  the  recommenda¬ 
tions  of  the  plan  beyond  the  applicable  usage  level  will  simply  lie  dormant." 

Stated  sinply;  when  planning  a  system  for  loads  beyond  500  kwh  the  engineer  shoiild 
include  adl  the  range  of  steps  through  3000  kwh  per  month  in  order  to  avoid  costly 
revisions  should  a  lower  selection  be  exceeded. 

In  regard  to  two  other  recommendations  made  in  the  discussion; 

1.  The  idea  of  making  the  consulting  engineer  responsible,  under  the 
terms  of  his  contract,  for  revising  the  system  study  periodically 
to  keep  pace  with  the  actual  load  growth  meets  with  wholehearted 
sipport.  This  weakness  is  very  apparent  in  current  procedures. 

2.  As  the  load  grows  the  margin  between  generating  costs  or  wholesale 
rates  and  retail  rates  becomes  less.  This  makes  rate  analyses  more 
and  more  mandatory  as  costly  system  iiiprovements  are  made.  However, 
whether  such  analyses  should  be  made  by  the  consulting  engineer  or 
by  EEA  personnel  should  be  given  wholesome  consideration  before 
conclusions  are  reached. 


% 
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STKP  TYPE  REGULATORS 


Discussion  And  Author's  Closure 
Of  Paper  By  R,  E,  Horn 


Roland  W.  Schlie  (REA  Engineer,  Washington,  D.  C.):  The  author's  treatment  of  the 
subject  is  to  be  commended.  Step  type  regulators  are  performing  a  very  important 
role  in  rural  distribution.  Without  accurate  substation  and  line  voltage  control 
rural  distribution  would  be  at  a  distinct  disadvantage. 

Many  of  the  application  techniques  of  voltage  regulators  have  been  worked  out  for 
transmission  systems.  In  recent  years  more  articles  pertaining  to  distribution  ap¬ 
plication  have  appeared.  However,  much  of  the  basic  thinking  still  appears  to  stem 
from  transmission  system  techniques.  Application  of  regulators  to  rural  distribution 
systems  continues  to  increase.  As  a  result,  there  is  an  ever-increasing  need  for  the 
development  of  rural  distribution  system  application  techniques,  I  shall  briefly 
discuss  one  example.’ 

The  concept  of  line-drop  coiT5)ensation  is  indeed  an  ingenious  one.  Voltage  at  a 
remote  location  is  held  at  a  predetermined  level  regardless  of  the  load  variations, 
source  voltage  variations  or  power  factor  variations.  Needless  to  say,  the  trans¬ 
mission  engineer  would  be  at  a  loss  without  such  a  device,  A  distribution  engineer 
looks  at  this  device  and  marvels  at  its  possibilities.  With  enthusiasm  he  begins  to 
apply  the  concept  to  his  system.  His  first  disappointment  comes  'idien  he  discovers 
that  he  must  consider  not  one  remote  location  but  several.  The  average  r\iral  substa¬ 
tion  supplies  three  to  four  feeders  all  of  different  length  and  many  times  of  dif¬ 
ferent  conductor  size.  Perhaps  he  would  then  plan  a  regulator  for  each  feeder.  He 
again  becomes  disappointed  due  to  cost  limitations,  short-circuit  limitations  and 
because  of  a  feeder  far  more  complex  than  the  transmission  line  for  which  the  applica¬ 
tion  techniques  have  been  developed.  Many  rural  system  operators  tend  to  give  up  and 
not  make  any  use  of  this  ingenious  device. 

I  believe  the  line-drop  compensator  to  be  a  very  useful  device.  In  REA  Bulletin 
169-27,  REA  has  given  an  explanation  of  the  device  and  supplied  a  guide  for  application. 

Manufacturers  are  to  be  commended  for  their  efforts  in  explaining  and  illustrating 
the  step  type  regulator.  With  specific  reference  to  the  line-drop  conpensator,  much 
has  been  done  to  explain  its  application  on  transmission  lines.  Instruction  booklets 
for  pole-type  regulators  include  these  same  instructions.  Since  the  pole-type  regu¬ 
lator  is  basically  a  distribution  type  regulator,  I  believe  application  information 
should  take  this  into  consideration. 

The  ever -increasing  use  of  step  regulators  on  rural  distribution  systems  should  stim¬ 
ulate  the  development  of  new  application  techniques. 


R,  E,  Horn;  Mr.  Schlie  has  very  ably  pointed  out  the  ramifications  involved  with 
present  day  controls  on  regulators.  Manufacturers  are  aware  of  this  problem  and  are 
attempting  to  eliminate  it.  As  mentioned  by  Mr.  Schlie  more  and  more  technical  in¬ 
formation  is  being  made  available,  REA  Bulletin  169-27  has  played  a  very  important 
role  in  explaining  regulators  and  their  application.  Other  methods  are  available 
that  would  make  the  setting  of  compensation  on  regulators  easier  but  manufacturers 
have  not  found  a  way  to  make  them  available  on  an  economic  basis. 
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PRESENTED  AT  THE  1956  TECHNICAL  CONFERENCE  FOR 
REA  FIELD  ENGINEERS,  SAINT  LOUIS,  MISSOURI 
JANUARY  16-20,  1956 


^^^^^EPARTMEN^^GRJCUUURE  1 

jj^URA^UCTRIFICATIONADMINIISTR^^  | 


ABOUT  THE  CONFERENCE . .  The  piirpose  of  the  Annual 

Conference  for  REA  Field  Engineers  is  to  provide  a  foimm 
for  the  discussion  of  engineering  matters  concerned  with 
rural  electric  systems*  The  objective  is  to  make  avail¬ 
able  to  field  engineers  an  opportunity  to  share  views  and 
experience  with  other  engineers  who  have  developed  a  high 
degree  of  experience  and  specialization  in  specific  fields. 
Likewise,  the  objective  is  to  provide  the  specialist  engi¬ 
neer  with  an  opportunity  to  share  his  views  with  those  who 
are  facing  the  practical  daily  engineering  problems. 

To  assure  freedom  for  the  development  of  ideas  which  may 
serve  to  improve  the  engineering  of  rural  electric  systems, 
the  authors  of  papers  and  discussions  have  been  encouraged 
to  explore  new  ideas  and  new  techniques  and  to  prepare 
papers  which  reflect  their  own  engineering  judgment  and 
experience.  Such  an  approach  may  develop  ideas  which  devi¬ 
ate  from  industry  practices  and  REA  policies  and  procedures 
presently  in  effect.  It  should  be  recognized,  hawever, 
that  REA  policies  and  procedures  as  set  forth  in  REA  bulle¬ 
tins  are  still  applicable  unless  changed  in  the  light  of 
the  ideas  and  experience  which  may  result  from  such  papers 
or  discussions. 


R.  G.  Zook 

Assistant  Administrator 
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FIBERGLASS  CROSSARMS  AITO  POLES 


Discussion  of  Paper  Ly  W.  R.  Bailey 


John  F.  Atkinson  (REA  Engineer,  Washington,  D,  C.):  The  concept  of  using  fiberglass 
reinforced  plastic  poles  and  crossarms  is  certainly  a  radical  departure  from  exist¬ 
ing  practices.  However,  no  one  can  deny  ttiat  this  new  material  offers  a  number  of 
advantages  that  the  electric  utility  industry  cannot  afford  to  overlook. 

It  is  REA's  practice  to  investigate  every  new  development  that  shows  promise  of 
improving  rui'al  electrification.  We  first  became  aware  of  this  fiberglass  pole 
development  last  May  when  the  Gar  Wood  people  came  to  us  to  ask  our  cooperation 
in  the  further  development  and  field  testing  of  this  new  product. 

We  immediately  recognized  that  fiberglass  poles  might  be  the  solution  to  some  of 
our  difficult  pole  problems,  such  as  pole  fires  due  to  industrial  air  contaminants. 
Flashover  problems  and  pole  fires  are  encountered  almost  daily  in  coastal  areas 
because  of  salt  spray  contamination.  Solution  to  the  woodpecker  problem  was  also 
considered  as  were  termite  and  bacterial  decay  problems. 

We  put  the  Gar  Wood  people  in  touch  with  the  Nueces  Electric  Cooperative  at  Robstown, 
Texas,  and  with  two  Florida  cooperatives,  the  Lee  County  Electric  Cooperative  at 
Fort  Myers,  and  the  Florida  Keys  Electric  Cooperative  Association  at  Tavernier. 

These  three  cooperatives  have  agreed  to  field  test  a  limited  number  of  fiberglass 
poles  and  crossarms  in  areas  where  wood  poles  and  crossarms  are  failing  rapidly  due 
to  the  above  mentioned  causes.  The  McLean  Engineering  Company  of  Moultrie,  Georgia 
is  cooperating  in  some  of  these  tests  in  behalf  of  the  Florida  Keys  cooperative. 

We  understand  that  shipment  of  these  experimental  poles  has  been  made,  or  is  about 
to  be  made,  and  that  field  tests  should  be  well  under  way  by  spring. 

REA  intends  to  cooperate  in  these  tests  by  supplying  the  manufacturer  with  basic 
mechanical  and  electrical  data,  by  close  observation  and  by  assisting  in  the 
evaluation  of  results  obtained. 

In  addition,  REA  is  sponsoring  certain  materials  tests  in  cooperation  with  the 
Forest  Products  Laboratoi’y,  Forest  Service,  U.  S.  Department  of  Agriciolture .  Tests 
now  under  way  incl\ide  decay  and  termite  resistance  tests  being  conducted  at  the 
Harrison  Experimental  Forest  at  Saucier,  Mississippi.  Soil-block  tests  are  being 
made  at  the  Forest  Products  Laboratory  at  Madison,  Wisconsin. 

Other  tests  now  being  considered  are  aging  tests  with  an  evaluation  of  compressing 
and  crushing  properties,  weatherometer  tests,  water  absorption  tests,  and  bending 
tests  in  the  wet  and  dry  condition. 

Now  a  word  about  cost.  The  present  cost  of  fiberglass  poles  and  crossarms  is 
considerably  higher  than  conventional  wood  poles  and  arms .  This  is  to  be  expected 
as  this  product  is  still  in  the  early  experimental  stage.  Cost  must  be  reduced 
considerably  to  make  this  new  material  competitive. 
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There  is  every  reason  to  believe  that  costs  can  be  reduced  appreciably  through 
standardization  of  shapes  and  sizes,  through  mechanization  of  fabrication  tech¬ 
niques  and  of  course,  throiigh  mass  production.  It  appears  that  the  greatest 
cost  item  in  the  production  of  these  poles  is  in  the  fiberglass  fabric  itself. 

If  poles  and  crossarms  are  to  be  mass  produced  at  low  cost,  it  seems  that  the 
production  plant  would  necessarily  have  to  include  integral  facilities  for 
converting  the  basic  raw  materials  into  glass  fibers.  Then  through  a  continuous 
and  uninterrupted  process,  the  glass  fiber  should  be  converted  into  yarns,  rovings 
and  fabrics  which  in  turn  could  be  fed  directly  into  the  pole  making  machinery. 

The  costs  of  the  basic  ingredients,  sand,  soda  and  the  resins  are  certainly 
competitive  with  the  basic  cost  of  wood.  The  economy  of  the  end  product  lies 
entirely  in  the  manufacturing  and  processing  costs. 
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MAINTENMCE  LIABILITY 


Discussion  and  Authors’  Closure  of  Paper 
By  Clark  Reid  and  Leean  L.  Huff 


George  K.  Pit  low  (REA  Engineer,  Washington,  D.  C.)j  It  is  evident  that  the  authors 
have  spent  considerable  thought  and  effort  in  evolving  the  procedure  described  in 
this  paper  and  they  are  to  be  commended. 

Any  financial  suriimaiy  which  does  not  include  existing  O&M  backlog  cannot  reflect  the 
actual  worth  of  the  physical  plant.  If  the  actual  worth  of  the  physical  plant  is 
not  indicated  in  such  a  summary  the  actual  financial  position  pf  the  borrower  will 
not  be  revealed.  Because  of  this  and  other  reasons  I  believe  ah  approach  such  as 
this  is  desirable  and  necessary. 

Up  to  this  time  the  b\illetins  which  REA  has  published  on  OScM  have  dealt  primarily 
with  particular  items  of  equipment  or  categories  and  as  a  result  are  of  a  technical 
nature.  Typical  exan^jles  are  the  bulletins  pertaining  to  Pole  Inspection  and 
Maintenance,  Right-of-Way  Clearing,  Transformer  Repair,  Recloser  Maintenance,  In¬ 
spection  and  Maintenance  Records,  Outage  Records,  etc.  Due  to  their  relative 
importance  we  have  been  enphasizing  the  maintenance  of  Poles,  reclosers  and  r/w 
during  the  past  year  and  half  and  we  plan  to  continue  this  practice.  Along  with 
this,  however,  we  have  recommended  a  systematic  and  well  balanced  overall  inspection 
and  maintenance  program.  I  believe  the  procedure  advocated  by  the  authors  will  help 
provide  the  administrative  framework  for  such  a  program. 

One  result  of  this  procediire  would  be  that  it  requires  the  borrower  to  evaluate  his 
O&M  program  by  units.  This  evaluation  would  include  neglected,  deferred,  and  future 
maintenEince  and  could  be  accomplished  without  too  much  expense  by  a  sanple  survey. 

The  comment  is  often  heard  that  borrowers  can  obtain  a  reasonable  idea  of  O&M  to  be 
done  by  summarizing  the  observations  made  by  outside  personnel  as  they  ride  along 
the  lines  in  their  daily  work.  Also  that  other  utilities  keep  their  plant  in  good 
condition  without  a  so  called  special  evaluation  program.  However,  these  utility 
systems  are  sufficiently  old  that  their  replacement  and  maintenance  costs  average 
out  year  after  year.  They  can  proceed  on  the  basis  of  experience.  Our  borrowers 
cannot.  The  average  weighted  age  of  oiu'  lines  in  service  is  approximately  nine  and 
one  half  years.  Furthermore  our  systems  started  with  all  new  plant.  As  a  result  the 
biggest  part  of  the  maintenance  program  lies  ahead.  Since  the  amount  of  maintenance 
will  be  changing  for  the  next  several  years  it  is  particularly  necessary  that  the 
borrowers  evaluate  their  maintenance  programs. 

In  accomplishing  this  evaluation  the  boirowers  would  be  performing  surveys  campairable 
to  the  general  Inspection  outlined  in  Bulletin  I6I-5RI  only  in  more  detail  in  most 
cases.  As  more  borrowers  pursue  this  activity  it  poses  the  real  possibility  of  less 
O&M  inspection  by  REA  personnel.  This  conforms  with  the  general  REA  policy  of  the 
borrowers  assuming  more  responsibility  where  qualified  to  do  so. 

This  procedure,  if  effectively  performed  would  require  the  keeping  of  good  records. 

If  they  maintain  good  records  for  this  program  it  would  probably  result  in  better 
records  in  other  categories. 
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The  statement  of  net  worth  (Figure  l)  shows  O&M  costs,  the  normal  future  costs  as 
well  as  the  backlog.  I  question  whether  or  not  these  so  called  normal  O&M  future 
expenditures  should  be  shown  on  this  statement  and  would  appreciate  the  authors 
views  on  this  matter. 

One  problem  which  has  arisen  in  the  past  concerns  nomenclature.  Since  the  statement 
of  net  worth  as  set  forth  in  Figure  1  is  not  intended  to  be  a  financial  statement  in 
the  accounting  sense  but  merely  a  working  tool  for  management,  it  would  seem  appro¬ 
priate  to  avoid  the  use  of  tenns  used  in  accounting  such  as  assets,  liabilities,  net 
worth,  etc.  For  instance  actml  worth  might  be  used  instead  of  net  worth.  Any 
suggestions  along  this  line  would  be  appreciated. 

No  policy  or  procedure  is  any  more  effective  than  the  degree  of  acceptan.ce  which  it 
receives  by  those  who  are  responsible  for  its  execution.  If  this  procedure  is  to  be 
effective  the  managers  in  particular  must  understand  its  objectives  and  advantages. 
How  best  to  accomplish  this  is  a  real  problem  and  suggestions  will  be  welcomed. 

I  would  appreciate  any  comments  the  authors  may  care  to  make  on  the  following: 

1.  Appendix  I  lists  quantities  and  costs  for  work  units  as  developed  by 
a  Missouri  borrower.  How  many  other  borrowers  are  keeping  comparable 
data? 

2.  How  many  borrowers  have  had  this  procedure  described  to  them?  What 

was  their  reaction?  Are  any  using  it?  Were  any  modifications  indicated? 
Were  any  ideas  or  guidelines  obtained  for  promoting  this  procedure? 


Edward  F.  Wilson  (Assistant  Chief,  REA's  Electric  Operations  and  Loans  Division): 

There  is  no  doubt  that  too  many  boards  assiame  that  a  system  is  well  maintained,  when 
it  is  not.  In  such  a  situation,  the  board  is  misled  into  believing  the  system  is 
financially  more  seciore  than  the  facts  warrant.  This  is  a  problem  which  is  real  and 
iicportant,  and  for  which  the  authors  propose  a  solution. 

Unfortunately  there  are  some  new  and  unsolved  problems  created  by  the  proposed 
sol.ution.  Since  the  authors  forcibly  argue  only  the  advantages  but  do  not  state 
the  disadvantages  of  their  proposal,  this  discussion  necessarily  deals  more  with 
its  disadvantages  than  with  the  advantages.  However,  I  hope  that  further  discussion 
will  develop  a  more  satisfactory  solution  to  this  important  problem. 

It  is  apparent  that  what  the  authors  propose  is  \morthodox.  The  proposal  is  contrary 
to  the  provisions  of  the  FPC  Uniform  System  of  Accoimts.  It  contravenes  accounting 
regulations  of  state  regulatory  bodies  and  procedures  generally  acceptable  to  the 
Internal  Revenue  Service.  However,  the  proposal  should  be  considered  not  on  the 
grounds  of  mere  orthodoxy  and  conformance  to  present  day  practice,  but  rather  on 
whether  the  proposal  is  something  which  ought  to  be  generally  adopted. 

Let  us  examine  first  the  "statement  of  net  worth."  It  is  essentially  a  balance  sheet. 
It  differs  from  the  conventional  balance  sheet  in  four  major  aspects: 

1.  The  "amount"  of  total  electric  plant  is  included  at  the  original 
cost  figure.  In  the  conventional  balance  sheet,  the  Reserves  for 
Depreciation  and  Amortization  are  deducted  from  Total  Electric 
Plant  is  determining  the  Total  Assets.  The  effect  of  this  change 
by  the  authors  is  to  increase  Total  Assets  by  the  amount  of  the 
Reserves  for  Depreciation  and  Amortization. 
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2.  The  fimds  for  Deferred  Operations  and  Deferred  Maintenance  are  created 
and  shown  as  separate  items. 

3.  The  liabilities  are  increased  hy  the  amounts  of  so-called  Liabilities 
for  Replacements,  Accmed  Operations,  and  Accrued  Maintenance. 

4.  The  Net  Worth,  is,  in  effect,  adjusted  by  subtracting  therefrom  an  amount 
equal  to  the  Liabilities  for  Replacements,  Accrued  Operations  and  Accrued 
!iaintenance  and  by  adding  thereto  an  amount  equal  to  the  Reserves  for 
Depreciation  and  Amortization. 

The  authors  are  desirous  of  showing  a  specific  Liability  for  Replacements  and 
presumably  considered  this  would  duplicate  a  Reserve  for  Depreciation.  Hence  they 
disregarded  the  depreciation  reserve. 

Undoubtedly  the  Liability  for  Replacements  tends  to  duplicate  a  Reserve  for  Deprecia¬ 
tion.  However,  the  one  cannot  be  substituted  for  the  other.  REA  Bulletin  103-2R1 
points  out  that  a  1^  per  year  replacements  fund  is  a  minimum-level  fund  intended  to 
take  care  of  only  those  replacements  not  made  as  part  of  a  system  improvement  program 
and  up  to  only  the  original  cost  of  the  item  being  replaced.  Depreciation,  on  the 
other  hand,  includes  the  loss  in  value  due  not  only  to  ordinary  wear  and  tear  but 
due  to  obsolescence,  inadeqijacy,  and  other  factors.  The  best-known  study  of  the 
causes  of  retirement  of  transmission  and  distribution  plant  shows  that  71^  of*  retire¬ 
ments  are  made  because  of  inadequacy  and  obsolescence.  This  disregard  of  the  loss 
in  value  due  to  inadequacy  and  obsolescence,  in  preparing  a  statement  of  net  worth, 
seems  to  me  to  deserve  further  consideration. 

The  more  basic  element  of  the  proposal,  however,  is  related  to  the  setting  up  of 
"accrued  liability"  for  operations  and  maintenance  work  which  was  not  accomplished. 
Even  assuming  that  a  reasonable  estimate  of  the  dollar  cost  or  dollar  amount  of  such 
work  can  be  developed,  the  item  is  not  a  "liability,"  since  the  liabilities  of  a  cor¬ 
poration  include  only  obligations  to  outsiders.  To  call  it  something  it  is  not, 
creates  more  misunderstanding  rather  than  less .  Presumably  the  authors  do  so  because 
of  the  feeling  that  "net  worth"  is  derived  from  the  assets  and  liabilities. 

Of  course,  it  is  correct  that  net  worth  should  equal  'assets  minus  liabilities.  It 
is  equally  correct  that  liabilities  should  equal  assets  minus  net  worth  and  that 
assets  should  equal  the  sum  of  liabilities  plus  net  worth.  The  accounting  records 
should  be  maintained  to  reflect  changes  in  all  three.  There  are  accounting  princi¬ 
ples  which  govern  the  determination  of  all  three.  It  is  hardly  accurate  to  assume 
that  any  one  of  the  three  elements  of  the  equation  is  necessarily  derived  from  the 
other  two. 

In  the  3rd  and  4th  paragraphs  the  authors  also  and  correctly  point  out  that  "changes 
in  the  net  worth  over  a  period  of  time  is  a  measure  of  the  progress  being  made." 

They  also  refer  to  "condition  of  the  business,"  "actixal  status  of  the  business,"  and 
finally  build  up  to  "true  financial  condition  of  the  system."  While  the  authors  do 
not  specifically  so  state,  they  iii5)ly  that  if  net  worth  and  unrestricted  general 
funds  are  both  reduced  by  the  amount  of  "accrued  maintenance"  the  "true  financial 
condition  of  the  system"  will  be  shown.  While  it  is  difficiilt  to  analyze  this  pro¬ 
position  in  the  absence  of  a  definition  of  "true  financial  condition,"  it  is  doubtful 
that  any  such  simple  adjustment  of  net  worth  would  show  either  the  true  financial 
condition  or  even  the  "actual  status"  of  a  going  concern.  It  seems  to  me  that  the 
authors  have,  in  this  respect,  set  for  themselves  an  impossible  task. 
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In  general,  accounting  records  and  reports  are  so  maintained  as  to  show  what  actiaally 
happened,  not  to  show  what  might  have  happened.  As  I  see  it,  with  respect  to  mainte¬ 
nance  and  operating  expenses  ordinarily  shown  under  Accounts  7^1  and  768  in  the  REA 
Uniform  System  of  Accounts,  the  authors  propose  that  the  net  worth  should  reflect 
not  what  was  done,  hut  what  might  have  heen  done  or  what  someone  thinks  shoiold  have 
been  done.  This  is  not  a  brand-new  idea.  However,  previous  proponents  generally 
siiggested  that  such  ersatz  expenses  would  be  shown  not  only  on  the  balance  sheet  but 
would  also  be  shown  as  expenses  on  the  profit  and  loss  statements.  This  manipulation 
has  the  effect  of  "normalizing"  expenses  and  in  some  circumstances  may  have  some 
value.  However,  it  also  has  the  effect  of  overstating  one  year's  expenses  and  xander- 
stating  another  year's  expenses,  when  compared  with  actual  expenses. 

However,  this  principle  of  basiag  the  accounting  records  on  "what  might  have  been"  or 
"what  should  have  been"  cannot  logically  be  extended  in  the  accounting  system.  For 
example,  someone  might  have  thought  that  a  certain  utility  should  have  spent  $5^000 
in  the  previous  year  on  power  use  work,  when  actually  it  spent  nothing  on  power  xise. 
Should  that  $5^000  be  shown  as  an  additional  liability?  Assuming  that  the  additional 
expenditure  would  have  resxilted  in  some  increase  in  revenue,  should  that  "might  have 
been"  increase  in  revenue  also  be  shown?  No,  for  once  the  net  worth  becomes  a  reflec 
tion  of  what  might  have  been  rather  than  what  actually  happened,  the  records  reflect 
a  hypothetical  situation  and  not  the  results  of  the  actual  operations. 

It  seems  necessary  to  me,  in  order  to  handle  the  problem  posed  by  the  authors,  to 
break  it  up  into  two  parts:  that  kind  of  work  which  is  deferred  because  sound  manage 
ment  judgment  dictates  that  it  is  better  to  defer  it  than  not;  and  that  kind  of  work 
which  should  have  been  done  but  was  not.  For  convenience,  let  us  describe  the 
former  as  deferred  and  the  latter  as  neglected. 

Any  management  should  have  a  budget  covering  future  operations.  The  budget  should 
include  the  cost  of  doing  all  the  work  that  is  proposed  to  be  done  during  the  budget¬ 
ed  period.  In  any  given  case,  this  might  include  both  deferred  and  neglected  mainte¬ 
nance.  With  respect  to  the  balance  sheet  or  the  Statement  of  Net  Worth,  which  refers 
to  past  operations,  it  seems  a  contradiction  in  terms  to  say  that  maintenance  work 
which  was  deferred  because  it  should  not  be  done  shoxild  be  charged  off  as  an  expense 
or  reduction  of  net  worth  chargeable  to  past  operations. 

If  a  manager,  in  preparing  supplemental  reports  to  the  board  of  directors  concerning 
the  accumulated  margins,  were  to  estimate  the  cost  of  neglected  maintenance  work  and 
show  what  the  margins  would  be  had  the  work  been  perfonned,  such  a  report  woxild 
reflect  the  estimate  without  distorting  the  pictxire  of  what  actually  happened.  How¬ 
ever,  in  any  such  report  it  is  essential  that  we  not  use  terminology  which  is  based 
on  meanings  that  conflict  with  accepted  practices.  "Net  worth"  to  be  useful  to 
management,  must  have  a  constant  meaning.  Unless  all  of  us  -  engineers,  accountants, 
etc.  -  adhere  to  generally  accepted  definitions  of  technical  terms,  we  cannot 
communicate  intelligently  with  others  in  oior  profession. 

I  would  also  question  the  desirability  of  using  the  formula  proposed  for  detennining 
a  liability  for  accrued  operations.  Let  us  assvime  that  for  a  particular  system  the 
management  was  in  the  practice  of  doing  I/5  of  its  clearing  each  year  on  a 
rotating  program  and  that  this  is  a  sound  program.  Let  us  say  that  the  annual  cost 
of  this  clearing  program  was  $25,000.  Ihider  standard  accounting  practices  this 
amount  of  work  would  be  done  and  charged  off  as  an  expense  each  year .  Under,  the 
proposal,  an  amount  equal  to  the  sum  of  100^  plus  80^  plus  60^  plus  kOfjo  plus  20^ 
tim^  $25,000,  or  $75,000,  would  be  set  up  as  an  accrued  liability.  Actually,  sound 
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management  decisions  had  demonstrated  that  all  of  the  clearing  was  "being  done  as  it 
was  needed.  Why  then  should  three  future  years*  clearing  he  charged  as  an  expense 
against  prior  years*  operations  instead  of  to  the  years  in  which  the  expenditures 
were  incurred? 

The  development  of  work  units  and  unit  costs  is  an  aspect  of  the  paper  to  which  I 
wish  the  authors  had  given  more  attention.  A  good  case  could  he  made  out  for  the 
proposition  that  of  all  the  major  segments  of  industry,  the  electric  utility  industry 
has  made  the  least  progress  in  the  development  of  work  imits  and  unit  costs.  There 
are  some  notable  exceptions,  as  in  production  costs,  and  the  cost  of  money,  hut  on 
the  whole  unit  costs  are  more  to  he  noticed  hy  their  absence  than  by  their  use. 

There  are  of  course  some  obvious  reasons  why  this  is  likely  to  he  so.  On  the  whole, 
individual  maintenance  and  operations  activities  are  not  performed  repetitively. 

Even  when  an  individual  operation  is  performed  frequently,  the  conditions  often  vaiy 
so  greatly  from  time  to  time  that  the  number  of  units  constituting  a  "fair  day’s 
work"  varies  so  much  as  to  rob  the  standard  of  any  validity  in  a  particular  instance. 
The  work  generally  must  be  done  under  conditions  not  conducive  to  refined  record 
keeping.  Unless  and  until  some  practical  way  can  be  developed  to  separate  the  trans¬ 
portation  time,  and  other  direct  and  indirect  costs  over  which  the  individual  worker 
has  little  or  no  control,  from  the  direct  labor  time  for  which  management  desires  a 
standard  by  which  to  measure  efficiency,  the  unit  costs  seem  comparatively  artificial 
and  of  little  practical  value. 

Perhaps  this  complexity  is  illustrated  by  what  appears  to  be  a  discrepancy  in  the 
paper:  on  Page  4  the  authors  say,  "the  work  unit  of  re-clearing  should  be  one  span 
of  pole  line."  However,  in  Figure  2  and  Appendix  I  the  authors  use  a  series  of  units. 
The  development  of  work  units  is  difficult,  but  essential  to  the  development  of  any 
practical  records  system,  and  deserves  further  attention. 

I  would  like  to  repeat  that  the  accomplishment  of  the  basic  objective  of  the  authors 
will  be  of  great  value  to  management,  and  any  step  in  that  direction  is  worthwhile. 
The  authors  have  taken  such  a  step,  and  the  study  is  to  be  commended  on  that  basis . 


Clark  Reid  and  L.  L.  Huff:  The  REA  program  is  young  in  the  electrical  industry  and 
this  imposes  special  engineering  problems  which  must  be  solved.  The  plant  of  the 
average  cooperative  is  new  and  has  not  reached  the  age  where  operations  and  mainte¬ 
nance  requirements  are  fairly  constant.  Until  such  time  that  operations  and  mainte¬ 
nance  activities  reach  a  stable  state,  management  is  confronted  with  the  problem  of 
evaluating  the  condition  which  exists  at  any  time  as  well  as  the  trends  and  rate  of 
change.  The  purpose  of  this  paper  is  to  provide  the  cooperatives  with  a  management 
tool  or  technique  which  will  furnish  this  information  during  such  interim  period. 

The  usual  utility  techniques  will  suffice  after  the  cooperatives  reach  an  age  at 
which  the  stable  conditions  exist. 

We  want  it  clearly  understood  that  the  suggested  procedure  is  not  an  accounting 
setup  and  does  not  replace,  modify,  or  affect  in  any  manner  the  established  ac¬ 
counting  methods.  Since  this  is  the  case,  we  have  not  been  concerned  with  account¬ 
ing  orthodoxy  or  nomenclature.  We  have  used  the  words  "assets",  "liabilities",  and 
"net  worth"  because  they  transmit  to  the  average  person  the  exact  thought  we  desired 
to  convey.  We  realized  the  accounting  profession  uses  these  words  in  a  narrower 
sense.  However,  our  desired  audience  is  members  of  cooperatives’  boards  who  do  not 
have  the  accountants'  bias  to  the  use  of  these  specific  words. 
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We  thought  the  background  was  amply  set  out  on  the  first  page  of  the  paper  and 
objectively  summarized  in  the  first  paragraph  on  page  2,  but  one  of  the  discussions 
would  indicate  that  this  was  not  fully  accomplished.  Therefore,  we  hope  the  above 
will  correct  the  misunderstandings . 

Both  discussions  raised  a  question  regarding  the  propriety  of  including  the  "normal 
future”  costs  as  well  as  the  "back-log"  costs  in  the  liability  estimates.  Obviously 
the  matter  of  "normal  future"  costs  is  raised  by  the  method  suggested  in  the  paper 
for  estimating  the  liability  for  right-of-way  reclearing  and  routine  meter  servicing 
since  the  liability  for  all  other  items  discussed  is  determined  from  field  observa¬ 
tions.  The  ideal  condition  for  a  right-of-way  would  be  to  have  the  brush  all  cut 
to  ground  level.  The  practical  method  is  to  cut  it  on  a  recurring  cycle.  Based  on 
a  recurring  cycle  of  five  years  the  weighted  age  of  the  brush  is  three  years.' 
Therefore,  the  maintenance  liability  is  three  times  the  annual  cost,  or  $75^000.00 
as  computed  by  Mr.  Wilson. 

Mr.  Ditlow,  in  his  discussion,  concluded  with  two  points  consisting  of  several 
related  questions.  This  matter  has  been  discussed  casually  with  several  managers. 
The  reaction  in  most  cases  was  favorable,  but  in  only  one  instance  was  the  pro¬ 
cedure  installed.  The  data  in  Figure  2  and  Appendix  I  were  obtained  from  this 
cooperative.  No  effort  has  been  made  to  promote  this  procedure  because  it  does 
not  represent  approved  REA  policy. 
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LOAD  TKENDS  ON  RURAL.  LINES  AND 
METHODS  OF  RECORDING  AND  CALCULATBIG  DATA 

Discussion  and  Author’s  Closure  of  Paper  hy  John  Case 


Roland  W.  Schlie  and  Clifford  J.  VJaldron  (REA  Engineers,  Washington,  D.  C.)^  The 
author’s  statement  that  ”the  only  possible  way  to  determine  load  is  to  act\ially 
measiire  it"  is  certainly  true.  Also,  without  a  kn.owledge  of  system  load,  manage¬ 
ment  is  hampered  in  its  own  construction  work  and  operation.  We  believe  that  REA 
Bulletin  I6I-8  is  a  suitable  guide  to  conduct  a  practical,  economical  investigation 
of  system  loads. 

The  system  illustrated  in  Figure  2  is  not  adaptable  to  many  combinations  of  switching 
arrangements  for  shifting  loads.  The  following  table  presents  the  only  possible 
combinations  of  switching  positions  that  would  not  cause  appreciably  more  than  I.5 
times  full  load  on  any  station,  with  all  sections  energized.  The  length  of  period 
with  this  much  overload  should  be  known.  The  table  shows  that  S-2  and  S-3  would 
always  be  required  to  supply  at  least  the  sections  adjacent  to  them. 

LOAD  SHlFTIirc 

COMPARISON  OF  NORMAL  WITH  SHORT  EMERGEI^CY  LOADS 


Condition 

Switch  Position 

Station  Load 

SI 

S2 

S3 

SI 

SWl 

52 

5W2 

S3 

SW3 

amp 

i 

amp 

i 

amp 

Normal 

C 

0 

C 

0 

C 

C 

32 

92 

60 

86 

120 

115 

El 

0 

c 

C 

0 

C 

C 

0 

0 

60 

86 

152 

l46 

E2 

C 

0 

c 

C 

C 

0 

32 

92 

100 

143 

80 

77 

With  normal  conditions  where  S-3  supplies  two  sections,  there  is  a  15^  overload, 
making  it  advisable  to  keep  a  fairly  close  check  for  occurrence  of  sustained  higher 
values. 

The  American  Standard  Guide  for  Loading  Oil-immersed  Distribution  and  Power  Trans¬ 
formers  (C- 57. 32-1948)  should  prove  of  considerable  value  in  determining  maximum 
station  load. 

It  is  essential  that  a  program  for  system  improvements  be  based  on  trends  indicated 
by  past  experience  inasmuch  as  there  is  no  way  of  predicting  deviation  from  future 
trends .  Knowledge  of  conditions  at  key  locations  in  the  system  should  be  available 
as  a  check  upon  predictions,  to  avoid  over  or  under -biiilding.  Whether  80  or  90  per¬ 
cent  of  full  capacity  of  the  system  is  the  point  at  which  system  improvement  should 
be  begun  would  depend  upon  the  observed  rate  of  increase  of  demand,  as  well  as  the 
other  factors  stated  in  the  paper. 

A  properly  designed  circuit  should  not  have  voltage  problems  when  the  demand 
approaches  the  load  limit.  The  problem  would  occur  when  peaks  of  appreciable 
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d\iration  exceed  the  load,  limit.  Generally  these  peaks  are  the  first  symptoms  of 
inadequate  facilities.  As  described  in  EEA  Bulletin  16I-7,  simultaneous  voltage 
charts  for  a  24-hour  period  can  be  taken  at  the  substation  and  at  the  end  of 
primary  lines  in  question.  Such  charts  will  indicate  present  voltage  drop.  Esti¬ 
mates  of  future  voltage  drop  can  be  obtained  by  the  use  of  these  charts,  maximum 
current  measured  during  the  24-hour  period,  and  estimated  future  ampere  demand. 

The  maximum  recommended  one-half  hour  integrated  demand  for. a  distribution  trans¬ 
former  serving  one  consumer  is  l40  percent  of  the  nameplate  rating.  The  l4o  percent 
value  is  based  on  voltage  flicker  considerations  in  minimum  primary  voltage  coinci¬ 
dent  with  maximum  consumer  load.  Rural  consumer  loads  not  exceeding  a  one-half  hour 
Integrated  demand  equal  to  l40  percent  of  the  transformer  nameplate  rating  will 
rarely  thermally  overload  the  transformer.  Therefore  thermal  limitations  rarely 
determine  loading  limits  for  distribution  transformers  serving  one  consumer. 

The  author's  comments  appear  to  oversimplify  the  problem  of  transformer  loading. 

The  complexity  of  the  problem  is  partly  a  matter  of  economics  and  partly  a  problem 
of  consumer  load  characteristics.  It  is  doubtful  that  extensive  transformer  measure 
ments  can  be  justified  economically.  Consiomer  load  characteristics  indicate  extreme 
variation  in  demand  compared  with  a  specified  consumption.  The  attached  plot  of 
Individual  Consumer  Demands  and  One-half  Hour  KW  Demand  illustrates  these  varia¬ 
tions  .  Reference  is  made  to  a  recently  circulated  Staff  Report  entitled  "The 
Distribution  Transformer  Loading  Problem. " 


INDIVIDUAL  CONSUMER  DEMANDS 
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John  E.  Case;  One  of  the  duties  of  every  good  operating  man  is  to  vatch  the  regu¬ 
lation  on  his  lines  and  to  correct  any  such  condition  vhich’ aViseS* before  this 
regulation  becomes  excessive.  He  must  knov  that  the  load' limit- IS  that  point  where 
the  regulation  becomes  greater  than  the  accepted  maxiinum  or'  seven  percent.  '  Accord¬ 
ing  to  regulation  calculations  in  the  system  study  the  maximum  seven  percent  is 
caused  by  a  certain  load  whose  current  can  be  determined  easily.  Now,  inasmuch  as 
this  current  is  the  maximum  we  can  stand  without  exce's^ive  regulation  it  can  be 
seen  that  the  operating  man  will  make  arrangements  for  corrective  measures  as  he 
approaches  reasonably  close  to  this  current  value.  It  should  be  his  ideal  never 
to  actually  get  to  that  point. 

It  is  agreed  that  extensive  transformer  measurements  cannot  be  justified  economical¬ 
ly;  however  there  has  not  been  a  need  for  extensive  transformer  measurements. 
Transformer  measurements  are  generally  used  in  the  case  of  individual  voltage  com¬ 
plaints  where  a  voltage  chart  tells  us  there  is  a  low  voltage  condition.  The 
transformer  measurement  either  localizes  the  trouble  to  the  transfoimer  capacity 
or  generalizes  it  to  the  line  capacity.  Tlie  interpretation  of  the  transformer 
measurement  tells  us  which. 


-  12  - 


DISCUSSION  OF  QUESTIONNAIRE 


On  the  closing  day  of  the  conference  an  evaluation  questionnaire  was  completed  by 
forty-nine  of  the  participants.  The  following  is  a  summary  of  the  replies. 

1.  In  your  opinion,  do  the  benefits  gained  from  technical  training  meetings  of 
this  type  justify  the  time  spent  in  attendance?  Give  reasons  for  your  reply. 

Field:  Yes  (36);  No  (O).  Washington:  Yes  (l3);  No  (O). 

Reasons:  The  predominant  reason  given  by  both  field  and  Washington  was  that 
the  conference  provided  an  opportunity  to  discuss  and  exchange  theoretical 
and  practical  engineering  ideas .  In  addition,  the  field  also  frequently 
mentioned  that  it  provided  an  opportunity  to  acquire  infonnation  on  subjects 
related  to  their  work  which  was  not  otherwise  available  and  that  it  provided 
an  opportunity  to  learn  methods  used  by  other  engineers  and  new  developments 
from  Washington  and  the  industry  in  general. 

2.  How  did  you  feel  about  this  meeting?  (Check) 

Field  :  Good  (l8)  Very  Good  (2)  Excellent  (l6) 

Washington:  (3)  (O)  (9) 

3.  What  were  the  strong  points? 

Predominant  comment  from  both  field  and  Washington  related  to  the  good 
selection  of  topics  on  the  program,  the  field  trips,  and  discussions  by 
non -REA  personnel.  Field  also  commented  frequently  on  the  excellence 
of  the  group  participation  and  the  quality  of  the  presentations.  Other 
comments:  "field  participation  on  the  program;"  "organization  of  the 
meetings;"  "well  prepared  papers  and  sufficient  time  for  prior  review," 

4.  What  were  the  weak  points? 

There  was  not  much  consensus  among  field  or  Washington  on  the  weak  points. 

Two  or  three  persons  each  made  the  following  points:  (Field)  "reading  by 
others  instead  of  presentation  by  author;"  "insufficient  time  for  discussion;" 
"formal  written  discussions  rather  than  open  discussion."  (Washington) 
"insufficient  participation  from  the  floor; "  "not  enough  time  for  important 
discussions." 

5.  a.  From  which  topics  did  you  derive  the  most  benefit? 

Allowing  ten  points  for  each  time  subject  was  listed  as  first  choice, 
five  points  for  each  time  subject  was  listed  as  second  choice,  and 
two  points  for  each  time  a  subject  ws-s  listed  as  third  choice,  the 
following  is  the  number  of  points  scored  for  the  top  three  selections 
(figure  in  parenthesis  indicates  the  number  of  times  a  subject  was 
listed  as  first  choice):  (Field)  System  Improvement  Planning  (U) 

171  points;  Economic  Design  of  Primary  Lines  for  Rural  Distribution 
Systems  (lO)  II8  points;  Service  to  Large  Motor  Loads  (3)  73  points. 
(Washington)  System  Improvement  Planning  (9)  100  points;  Economic 
Design  of  Primary  Lines  for  Rural  Distribution  Systems  (2)  24  points; 
Service  to  Large  Motor  Loads  (l)  21  points. 
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The  predominant  reason  given  for  selecting  each  of  the  three  topics 
listed  related  to  the  importance  of  the  problem  to  borrowers  and  the 
fact  that  they  are  problems  which  field  engineers  are  frequently 
called  upon  to  discuss. 

6.  a.  Did  you  read  the  program  material  which  was  sent  to  you  prior  to  the 

conference? 

Field  ;  All  (13)  Some  (23)  None  (O) 

Washington:  (3)  (lO)  (O) 

b.  Do  you  think  such  material  should  be  distributed  prior  to  the  next 
meeting? 

Field  :  Yes  (36)  No  (O) 

Washington:  (13)  (O) 

c.  Suggest  anything  else  that  might  be  done  ahead  of  the  meeting  to 
prepare  the  group. 

There  was  no  consensus  in  the  answers  to  this  question. 

7.  What  suggestions  do  you  have  for  improving  methods  of  presentation. 

A  predominant  thought  expressed  by  both  field  and  Washington  in  answer  to 
this  question  related  to  the  apportionment  of  time  to  the  principal  speaker, 
the  formal  discussions,  and  open  discussion  from  the  floor.  Although  there 
was  not  complete  agreement,  preference  tended  in  the  direction  of  more  time 
for  open  discussion  from  the  floor.  Another  frequent  comment  was:  "more 
and  better  visual  aids."  Field  representatives  also  said  "eliminate  dis¬ 
cussions  of  technical  papers  by  those  not  qualified." 

8.  List,  in  order  of  preference,  three  cities  in  which  you  would  like  to  have 
the  next  meeting  held: 

Using  the  point  system  described  in  question  5  above,  the  following  is  the 
result:  (Field)  New  Orleans  (7)  124  points;  Dallas  (6)  86  points; 

St.  Louis  (5)  68  points.  (Washingtcmi)  St.  Louis  (4)  44  points;  New  Orleans 

(2)  27  points;  Pittsburg  (2)  26  points.  (Combined)  New  Orleans  (9)  151  points; 
St,  Louis  (9)  112  points;  Dallas  (6)  88  points. 

9.  List  the  specific  subjects  which  you  would  recommend  for  treatment  at  future 
meetings . 

Topics  listed  by  three  or  more  persons  are  given  below.  Figures  indicate 
the  number  of  times  the  subject  was  listed.  Field:  Operations  and  Mainte¬ 
nance  (9)  Nuclear  Power  (l2)  System  Studies  (9)  New  Developments  in  Equip¬ 
ment  or  Methods  (6)  Economic  System  Design  (5)  Rate  Theory  and  Application 

(3) .  Washington:  System  Planning  (7)  Nuclear  Power  (4). 
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REA  ATTENDANCE  LIST 


-Field  Engineers 


Northeast 

James  W.  Carpenter 
Post  Box  535 
Richmond  4,  Virginia 

Stephen  D.  Holmes 
1120  Kelsey  Avenue 
Lansing  15  B,  Michigan 


Peter  A.  Mane ini 
710  S.  Clayton  Street 
Wilmington,  Delaware 


Area 


John  E.  Case 
Box  5631 

Indianapolis  2,  Indiana 
Magnus  Hoye 

Glenwood  Arms,  Apartment  W 
2612  Glenwood  Avenue 
Raleigh,  North  Carolina 

Howard  S.  V/illard 
Box  654 

Lyndon vi lie,  Vermont 


North  Central  Area 


Thearl  D.  Essig 

904  East  Fourth  Avenue 

Mitchell,  South  Dakota 

N.  L.  Lundeen 

744  West  William  Street 

Decatur,  Illinois 

Dean  B.  Price 
Box  82 

Carroll,  Iowa 

Lester  Windsor 

P.  0.  Box  129 

Eau  Claire,  Wisconsin 


Conrad  L .  Gran 

520  West  Vasa  Street 

Fergus  Falls,  Minnesota 

Tom  R.  McDonald 
P.  0.  Box  546 
Cedar  Rapids,  Iowa 

Harry  W.  Thiesfeld 
Route  3 

Mankato,  Minnesota 


Southeast  Area 


Henry  M.  Alford 
P.  0.  Box  6328 
Parkway  Station 
Jackson,  Mississippi 

Ralph -L.  Harper 
12  Kingston  Road 
Avondale  Estates,  Georgia 

James  H.  Phillips 
3648  Riverside  Avenue 
Jacksonville  5^  Florida 


Charles  W.  Brigham 
904  Queen  Street 
Columbia,  South  Carolina 


Jennings  B.  Mabry 
P.  0.  Box  27P 
Lexington,  -Kentucky 

Clarence  R.  Wood 
P.  0.  Box  2098 
Donelson,  Tennessee 


Field  Engineers  (Continued) 
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Southwest  Area 

Theodore  A.  Bloss 

P.  0.  Box  5^ 

Childress,  Texas 

Edward  L.  Florreich 

Box  499 

Austin,  Texas 

John  P.  Hewitt 

7715  Prospect  Avenue,  H.  E. 
Albuquerque,  New  Mexico 

James  J.  Higdon 

220  Jagoe  Street 

Denton,  Texas 

Leean  L.  Huff 

1005  West  2nd  Street 
Sedalia,  Missouri 

Donald  T.  Lowery 

Box  727 

Little  Rock,  Arkansas 

Frederich  K.  McQueary  (OFR) 
P.  0.  Box  502 

Safford,  Arizona 

Myron  W.  Merchant  (OFR) 

302  Santos  Street 

Abilene,  Texas 

Gilbert  F.  Moon 

3738  South  Evanston 

Tulsa  5^  Oklahoma 

Clark  A.  Reid 

107  B.  Byers 

Joplin,  Missouri 

Ralph  L.  Shangraw 

P.  0.  Box  386 

Safford,  Arizona 

James  Wentworth 

Room  3348,  South  Building 
Department  of  Agriculture 
Washington  25,  D.  C. 

Harold  Dangerfield 

13^9  Biyan  Avenue 

Salt  Lake  City  5^  Utah 

Western  Area 

James  M.  Garrison 

916  North  Ridney 

Helena,  Montana 

William  J.  Hauck 

4125  Northeast  79'th  Street 
Portland  I3,  Oregon 

Andrew  J.  Herold 

P.  0.  Box  54 

Topeka,  Kansas 

Robert  C.  Holland 

9000  West  5th  Avenue 

Denver  15,  Colorado 

Clark  L.  Johnson 

P.  0.  Box  1799 

Spokane  10,  Washington 

Louis  A.  Kirkbride 

2040  Park  Street 

Lincoln  2,  Nebraska 

Harold  P.  Leary 

Route  3 

Grand  Junction,  Colorado 

Leonard  A .  Smith 

P.  0.  Box  2188 

Casper,  Wyoming 

Ben  F.  Wallace 

Khik  Arms  Apartments,  Apt.  IO8 
1110  6th  Avenue 

Anchorage,  Alaska 

/ 
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Washington  Personnel 


Edward  L.  Arnn 

Head,  Engineering  Section 

Western  Area 

John  F.  Atk±nson 

Equipment  and  Materials  Engineer 
Electric  Engineering  Division 


Ralph  J.  Cartzendafner 
Office  Engineer 
V/estem  Area 

George  H.  Cole 

Head,  Engineering  Section 

Southeast  Area 

George  K.  Ditlow 
Systems  Operations  and 
Maintenance  Engineer 
Electric  Engineering  Division 

Robert  B.  Feagans 
Timber  Specialist 
Electric  Engineering  Division 

John  G.  Hieber 

Transmission  Systems  Engineer 
Electric  Engineering  Division 

Harold  W.  Kelley 

Meter  and  Service  Engineer 

Electric  Engineering  Division 

Albert  A.  Lee 

Operations  Engineer 

Electric  Engineering  Division 

E.  A.  Loetterle 

Electric  Systems  Engineer 

Electric  Engineering  Division 

William  C.  Morris 
Electrical  Engineer 
Electric  Engineering  Division 

J.  E.  O'Brien,  Chief 
Electric  Engineering  Division 


Roland  W.  Schlie 
Distribution  Systems  Engineer 
Electric  Engineering  Division 

Harry  R.  Smith 

Distribution  Systems  Engineer 
Electric  Engineering  Division 

Ro  P.  Stokely 

Head,  Engineering  Section 

Southwest  Area 

E.  D.  Tatum 
Electrical  Engineer 
Northeast  Area 

Stanley  J.  Vest 

Electrical  Engineer 

Electric  Engineering  Division 

Edward  E.  Warner 

Head,  Engineeririg  Section 

Northeast  Area 

G.  L.  Woodworth 

Head,  Engineering  Section 

North  Central  Area 

R.  G.  Zook 

Assistant  Administrator 


E.  R.  Brown 

Head,  Power  Requirements  Section 
Electric  Operations  and  Loai.c  Division 
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